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ON “ PSYCHOLOGY AS THE BEHAVIORIST VIEWS IT.” 

By E. B. TITCHENER. 

(Read April s, 19 1 4 -) 

When \ve speak of a science, we have in mind a logically organ- 
ized body of knowledge that has resulted from certain methods of 
attacking the problems presented by a particular subject-matter. 
The methods of science are all. in the last resort, observational ; the 
problems of science are all, in the last resort, analytical. The sub- 
ject-matter of a given science may be indicated in two different 
ways: by a simple enumeration of objects, or by a characterization 
of the point of view from which the science in question regards the 
common subject-matter of all science, namely, human experience. 
Thus we may say that our psychology will deal with such things as 
perceptions, feelings, thoughts, or we may say that psychology, deal- 
ing “ in some sort with the whole of experience," is to be distin- 
guished as “ individualistic ” from other sciences which are “ uni- 
versalistic.” It is clear that a characterization of this kind, though 
it necessarily transcends the limits of the science in order to show 
how those limits are drawn, is far more satisfactory than a mere 
list of objects: and psychologv', these many years past, has there- 
fore had recourse to it.’- 

^ J Ward, “ Psychology,” Encyc. Brit, XX., 1886, 38 (and later) ; R. Ave- 
narius, “ Bemerkungen zum Begriff des Gegcnstandes der Psychologie.” Vjs. 
f. z^'iss. Phil . XVIII., iS<74, 418: H. Ehhinghaus, " Griindziige der Psych.” I., 
1897, 8 (and later editions). On the general subject, cf. E. B. Titchencr, ” Psy- 
chology : Science or Technology?", in Pop. Sci. Mo., LXXXIV, 1914, 39 ff. 

PROC. AMER. PHIL. SOC., 1 HI. 213 A, PRIXTF.H lUNE I7, I9I4. 
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Instead, however, of calling psycholog}- with Ward the “ science 
of experience regarded objectively from the individualistic stand- 
point,’’ or with Avenarius the “ science of experience in general, so 
far as experience depends upon System C." or with Kulpe the 
“ science of the facts of experience in their dependency upon ex- 
periencing individuals,’’ or something of that sort, we are accus- 
tomed to speak of it as the “ science of mind.” Xo harm would be 
done, if we and our readers always remembered what " mind,” as 
used in a scientific context, must mean. Harm begins at once when 
we forget that scientific meaning, and start out from the common- 
sense or traditional significance of the word; when we equate 
“ mind ” with consciousness,” which we take as the equivalent of 
awareness,” and when we set off a group of conscious phenom- 
ena ’’ as the peculiar subject-matter of psycholog}-. I do not think 
that modern psychologists can fairly be charged with neglect of their 
duty to correct these errors : it seems to me, on the contrary, that 
our leaders are painfully careful to set their house in logical order. 
But habits of speech are inveterate, and common sense is extra- 
ordinarily tenacious of life: small wonder, then, that misunder- 
standings should arise. It is. for example, a misunderstanding that 
has prompted the polemical paragraphs of Watson's recent articles 
on what. I suppose, we must be content to call Behaviorism. - 

This doctrine, as set forth by Watson, has two sides, positive and 
negative. Cjn the positive side, psycholog}- is required to exchange 
its individualistic standpoint for the universalistic : it is to be " a 
purely objective experimental branch of natural science” in the 
sense in which physics and chemistry are natural sciences.’ It is to 
concern itself solely with the changes set up, by wav of receiving 
organ and nervous system, in muscle and gland.-* It is differentiated 
from its sister sciences of life partly by its special point of view - 
partly by the goal which it strives to attain. The changes which he 

eft 

= J. B Y atson, Psychology as the Behaviorist Views It,” Psych. R, ,,^(1 
XX , 1913, 15S ff. (to he referred to in the future as A) ; ” Image and Al. 
tion in Beharior,” Jour. Phil. Psych. Sci. Meth, X., 1913, 421 ff. (to be 
ferred to in the future as B). 

= 15S, 176 f. 
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studies are to be approached from the point of view of adjustment 
to environment; its categories are stimulus and response, heredity 
and habit.^ Differentiation, however, is not to be understood as 
separation; there is now no barrier between psychology and the 
other ■■ natural ” sciences ; in the long run behavior will appear as a 
matter of physical and chemical causation,® while nevertheless, as 
behavior, it is the subject-matter of the special science of psychology, 
to be interpreted and arranged under the rubrics just mentioned. 
The erection of this special science is both justified and made pos- 
sible by the practical goal of behaviorism, which is the working out 
of general and special methods for the control of behavior, the regu- 
lation and control of evolution as a whole.’ 

On the negative side, again, psychology is enjoined by the be- 
haviorist to ignore, even if it does not deny, those modes of human 
experience with which ordinary psychology is concerned, and in 
particular to reject the psychological method of introspection. 
“ Consciousness in a psychological sense " may be dispensed with 
consciousness, in the sense of a tool or instrument with which all 
men of science work, may be utilized by the new psychology without 
scruple and without examination.® Imagery, the “ inner stronghold 
of a psychology based on introspection." is denied outright : one of 
Watson’s "principal contentions" is "that there are no centrally 
initiated processes.”^® And if consciousness may he dispensed with, 
self-observation and the introspective reports that result from it are 
to be treated in even more summary fashion ; they are to be “ elimi- 
nated."” There will be no real loss ; for most of the e.ssential prob- 
lems with which psychology as an introspective science now con- 
cerns itself are open to behaviorist treatment, and the residue may 
“ in all probability be phrased in such a way that refined methods in 
behavior ('which certainly must comel will lead to their solution. 

■V-J. t6;, 177. 

®.'1, 173. 177. 

~ A. 158, 162, 168. 177. 

■'.-1,161,163.175.1761. 

® A. 175. 176. 

1® Zk 423 The statement is qualified in a footnote; I return to the point 
atcr. 

11 E.qcS; .1, 15S. 163, 166, 170, 173. 

w. 1.177; Z?.4 z8. 
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Such, in outline, is “psycholog}- as the behavioriit views it. 
Watson. o£ course, goes into some amount of detail, offering illu- 
stration and personal explanation, as well as attacking the method and 
problems of current psychology. But before I follow him on these 
various paths, I should like to record two general impressions that 
the reading of his articles has made upon me. The first impression 
is that of their iinhistorical character; and the second is that of their 
logical irrelevance to psychology as psychology is ordinarily under- 
stood. 

I call the articles iinhistorical because they give no hint that any 
similar revolt against an established psychology had taken place 
earlier in psychological history. Yet one need go no farther back 
than Comte to find a parallel. Comte's rejection of introspection 
has often been referred to: let me now quote another passage in 
which he sums up his attack upon ideology. 

“It is evident, first, that no function can be studied but with relation to 
the organ that fulfils it or to the phenomena of its fulfilment: and, in the 
second place, that the affective functions, and yet more tlie intellectual, exhibit 
in respect of their fulfilment the peculiar characteristic that they cannot be 
directly observed during the actual course of this fulfilment, but only in its 
more or less immediate and more or less permanent results. There are then 
only two different ways of studying scientifically such an order of functions; 
we must either determine, with all attainable precision, the various organic 
conditions on which they depend, — and this is the chief object of phreno- 
logical physiology: or we must obserse the consequence for conduct of intel- 
lectual and moral acts, — and this belongs rather to natural history . . . : these 
two inseparable aspects of one and the same subject being, (if course, always 
so conceived that each may throw light on the (jther. Thus rc,garded, this 
great study is seen to be inseparably connected on the one hand with the 
whole ... of natural philosophy, and csiiecially with the fundamental doc- 
trines of biology; and. on the other hand, with the whole of scientific history, 
of the animals as well as of man, and even of humanity. But when, by the 
pretended method of psychology, we discard absolutely from our subjec 
matter the consideration both of the agent and of the act [that is. of ' 
organ of function and of the result of its exercise], wliat mure is there 1, 
to occupy the mind than an unintelligible locomachy. in which merely now 
entities are everywhere .substituted for scientific phenomena . . ,? The n 
difficult study of all is thus placed at once m a state of complete isulat: 
w-ithont any possible point of support in the .simpler and more perfect - 
ences, o\er which it is proposed, on the contrary, to give it soterei.gn ri 
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On these two points, all psychologists, however extreme their differences in 
other regards, are found to agree.’’^' 

Xot Watson himself could be more outspoken or more severe! 
But we need not go back to Comte and the thirties : we need go only 
to Cournot and the year 1851. After a sharp criticism of intro- 
spection. Cournot writes; 

" So we see that the most useful observations on the intellectual and 
moral nature of man, observations gathered not by philosophers disposed to 
theories and systems, but by men gifted with the true spirit of observation 
and prepared to grasp the practical side of things. — by moralists, historians, 
men of affairs, legislators, instructors of youth. — have not as a rule been 
the fruit of a solitary contemplation and an internal study of the facts of 
consciousness, but far rather the result of an attentive study of the behavior 
(conduite) of men placed in various situations, subjected to passions and 
influences of all sorts.”^'* 

Here we are hardly witliout the circle of those ” fifty-odd years 
which Watson believes — how mistakenly ! — have been " devoted to 
the study of states of consciousness. "’'■ It would not be difficult to 
cross that line but it is unnecessary. My point is that Watson's 
behaviorism is neither so revolutionary nor so modern as a reader 
unversed in history might be led to imagine : and that as psychology 
has weathered similar proposals in the past. — and. I hope and think, 
has benefited by the storm, — so also it may weather and be benefited 
by this latest trial of its staunchness. 

A. Comte, ■■ Cnur.s de pbilosopbie positive.” III., 18,^8, 774 ft. ; the trans- 
lation of H. IMartineau ("The Positi\e Philosophy of Auguste Comte." 1856. 
383 f 1 is here inadequate The polemic against introspection will be found 
in " Cours.” I . 1830, 34 ff, 

A. Cournot. " Essai .<ur les fondements de nos connaissanecs,” etc,, 
II., 1S51. 310. 

’"',1,174. I have shi.nvn in my "Experimental P.sycliology ” that the ex- 
perimental period falls into fairly well-marked sub-periods. 

"'I have c.-pecially in mind Lange's chapter on “Scientific P.sycliology ” 
(1866) and Maudble\'.^ on the “Method of the Study of Mind" (1867 and 
laterV 

“ Should human psychologists fail to look with favor upon our over- 
tures and refuse to modify their position," Watson writes, " the behaviorists 
will be driven to using human beings as subjects and to employ methods of 
investigation which arc exactly comparable to those now employed in the 
animal work’’ (.'i.159). The “overtures” seem to consist in the familiar 
“Ducky, ducky, conic and be killed!” But. that apart, why should anything 
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The second general impression that I record is that of the logical 
irrelevance of Watson's programme to what is currently called psy- 
chology. For suppose that that programme were carried out to its 
last detail : how would introspective psychology be affected ? Why. 
those who were interested in the method and results of introspection 
would simply start out where Watson had left off' ; the universalistic 
psychology being completed, it would be in order for the individual- 
istic to be begun. A shift of standpoint over against the world of 
experience means the appearance of a new subject-matter, or ( more 
strictly) of a new aspect of the common subject-matter; and any 
one aspect has the same claim to scientific consideration as anv other ; 
nor is there in science a Congregation of the Index to allow this and 
to forbid that. The behaviorist may. if he will, ignore conscious- 
ness in a psychological sense ’’ ; he may use consciousness as a tool 
without making it "’a special object of observation ; there is none 
to say him nay : but why should not some one who is not a behavior- 
ist scrutinize what he has ignored, and try to find out empiricallv of 
what materials this particular tool is made? Logically, so far as I 
can see, behaviorism is irrelevant to introspective psycholog\'. 
^Materially. I believe that psychology will be furthered bv it. since 
increased knowledge of the bodily mechanisms, of anything that 
pertains to Avenarius' .System C, means greater stability of certain 
parts of the system of psychology. Xeithcr logically nor materiallv 
can behaviorism replace " psychology. 


Impressions, however, must .give way to clO''er argument: we 
must view Watson's articles at shorter range. And we shall, per- 
haps, make most progress if we begin with his pronouncements re- 
garding the failure of experimental psychology. 

Psychology, we are told, has failed signally, during the fiftv-odd 
years of its exisicnce. to make good its claim as a natural science. 
Its present condition is chaotic. The chances are that such ques- 

that the “human piyc!n.lo<;i<;t ” tints nr fails to do “drive" the Lchaviorist 
to do anythin.^; ' I hope that Watson will fintl the opportunity to employ 
human '.uhjects: I ho])e that he will find them (he will pardon the word) 
intellipent; I shall he hone-tly interested in his re-ults. 





BEHAMORIST VIEWS IT.’ 


7 


lions as those of the extensive attribute of auditory and the intensive 
attribute of visual sensations, or the differences obtaining between 
sensation and image, will be debated two hundred years hence as 
inconclusively as they are debated today. Psychological method is 
esoteric. It has proved unable to grapple with such matters as 
imagination, judgment, reasoning, conception: these topics have 
simply become threadbare with much handling. Functional psy- 
chology is at fault no less than systematic and structural psychology. 
Onlv those “branches of psychologv which have already partially 
withdrawn from the parent." and which are consequently less de- 
pendent upon introspection. — experimental pedagogv', the psycholog}' 
of drugs, the psychology of advertising, legal psychology, the psy- 
cholog}' of tests, and psychopathology, — are vigorous growths. The 
complete elimination of introspection from these disciplines will 
make their results still more valuable, and will keep them — as psy- 
cholog}' itself emphatically is not — in touch with " problems which 
vitally concern human interest."^® 

That. I believe, is a fair statement of Watson's position : it is 
given largely in his own words. I have to reply, first, that fifty-odd 
years is not necessarily a long period in the hi.story of an experi- 
mental science. It is not long, of course, regarded as mere dura- 
tion: for it is in the sixteenth centuiy' that "the physicist abandons 
scholastic speculation and begins to study nature in the language of 
experiment. while it is only in the middle of the nineteenth that 
psychology becomes experimental. It might be long, in a trans- 
ferred sense, if it were crowded with workers: but the number of 
productive students in " systematic, structural and functional " psy- 
chology does not compare n ith the number in physics or chemistry.'® 
Flas Watson, I wonder, ever counted the number of experimental 
papers that deal with imagination, judgment, reasoning and concep- 
tion? It is notoriously difficult to trace beginnings : but we shall not 

^'.I, i6.s, 176: 16.S : 164; 16.S : 173 ft-: 165: 169 f-; 170. 176. 

F. Cajori, “ History of Physics.” 1P99. ay 

Mr. H G. Bishop has kindly listed for me the experimental papers in 
psychologv. physics and chemistry recorded in the last five volumes of Fock’s 
Bihlii'ara ['hisclicr M ouatshcrlcht. The ratio is approximately i : Q.,S : 44. Ac- 
count is here taken of the psychological studies to he found under " Medizin,’ 
as well as of those under “ Philo-sophie und r.sychologie.” 
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have gone far wrong if we date the first overt attempts to bring 
these complexes under experimental control from 1902, 1901, 1908 
and 1903 respectively, — if we say, at any rate, that their experi- 
mental study belongs to the present century. And we have already 
worn such topics threadbare? I should rather judge that we have 
hardly touched their fringe. How many decades or centuries they 
will engage the attention of psychologists, I do not know ; the im- 
portant thing is that we should do thoroughly such work upon them 
as can be compassed in a generation. Our descendants may ask so 
much of us ; but we owe them nothing more ; and though I also hope 
that two hundred years hence other questions may have replaced 
those of visual attributes and imaginal characters, of orientation in 
the rat and of the homing sense of terns. I am far more deeply con- 
cerned to sift the materials of discussion than to hurry debate to a 
conclusion.-^ 

There remain the seceding branches, experimental pedagogy and 
the rest. In their regard. I think, the unhistorical nature of Wat- 
son's paper renders his e.xposition seriously misleading: it is psy- 
chology, and not behaviorism, that has shaped their course : and it is 
psycholog}-, and not behaviorism, that they still look to for guidance, 
^leumann's Lectures, for example, are offered as an introduction to 
experimental pedagogy and its p.sychological foundations ; the work 
is penetrated with psychology ; the pedagogical experiment is said to 
be “ for the most part the psychological experiment applied to the 
developing and working .school-child."-'- But it is largelv owing to 
iMeumann that experimental pedagogy flourishes. Rivers chose the 
subject of his Croonian Lectures with the desire to show that ex- 
perimental psychology may be of service to medicine.^^ .Stern, who 

21 It is. perhaps, beyond my province to defend functional p.sycholopv- ; 
but I should not like to have written this sentence. “It is rather interesting 
that no functional psychologist has carefully distinguished between ‘ percep- 
tion ’ (and this is true of the other psychological terms as welO as employed 
by the systematist, and ‘perceptual process’ as used in functional psychol- 
ogy” (A. 1651. What. then, of Erentano, and of the many psychologists who 
have been inspired by him? 

-- E. Meumann, \'orlesungen zur Einfuhriing in die experimentelle 
Padagogik und ihre psychologischen Grundlagcn,” L, ion, 27. 

2 'A\'. H. R, Rivers. ‘'The Influence of Alcohol and Other Drugs on 
Fatigue.” iyo8, i, 12 1. 
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stands to the psycholog}’ of testimony in somewhat the same rela- 
tion that i\Ieumann bears to experimental pedagogy, is also through 
and through psychological. Binet. whose name is inseparably con- 
nected with the psychology of tests, might fairly be called an ex- 
tremist in his devotion to introspection. Pick demands " eine psy- 
chologische A'ertiefung der Aphasielehre." and makes constant use 
of laboratory material : " es ist hochste Zeit dass die Pathologie end- 
lich von diesen Dingen Kenntnis nehme."~^ It is worth noting that 
IMeumann, Stern and Binet — the men to whom we are chiefly in- 
debted for experimental pedagogy, the psychology of testimony, and 
mental tests — would all have been brushed aside by Watson, a few 
years ago, as typically introspective psychologists : and it is worth 
noting also that they themselves look upon this later work, not as 
the negation of their psychological training, but as its direct exten- 
sion and practical fulfilment. It is worth noting, again, that a man 
of Pick’s authority ascribes the unprogressive state of psychopath- 
olog}- in large measure to an ignorance of current introspective psy- 
cholog}-, and himself makes definite use of the ” imageless thought, 
attitudes, and Bcz^'ussfscinslagc, etc.," which Watson contemns.~° 
I am not here depreciating behaviorism: but I think there is no justi- 
fication for behaviorism's depreciation of psychology.-*’ 

-V\. Pick, '■ Die agramniatisclicn Sprachsturuiigeii : Studien zur psy- 
chologischen Grundlegung der Aphasielehre,” 1013. I, ir, 58, etc. 

-■-’. 1 . 163 The psychology of advertising, so far as it has gone, bears out 
my argument. Cf D Starch, “Principles of Advertising," 1910; W. D. 
Scott, "The Psychology of Adt ertising.” Kii’; W. A. Shryer, “Analytical 
Advertising,” 1012: H. L Holling worth, “ .Vd\ ortising and Selling: Principles 
of Appeal and Response." 1013. The psychology of these works is not always 
of the severest type; hut the attitude of the writers is unmistakably psy- 
chological. 

-”1 hare said nothing of the “esoteric" nature of introspection, because 
I have dealt with that charge in recent articles (American Jour. Psych., 
XXIII, 1012, 427 it., 4c85ff.), In referring to my own work, Watson falls 
into the common mistake of confusing observation with theory. If he were 
to serve as obserrer in one of our studies on attention, he would have no 
difficulty, after a little practice, in passing the sensory judgments that we 
required of him. That is a matter of observation and report. \\ hether he 
would, after such participation in the actual work, accept our setting and 
interpretation of the results is another and a different question 
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In his second article Watson discusses two topics “ which may 
seem to many to be stumbling-blocks in the way of a free [lassage 
from structuralism to behaviorism." These topiC', one sees with 
some surprise, are Image and Affection : with surprise. I say. be- 
cause we had already been prepared to ignore consciousness and to 
eliminate introspection. It turns out, however, that the difficulty 
is methodological. For if the physiological counterpart of the 
image is cortical, then that mode of behavior which is to replace the 
introspective psychology of thought lies inaccessible within the skull. 
If " affection is a mental process distinct from cognition {sic ^ then 
affection cannot be an “ organic sensory response." So image and 
affection have to be dealt with; and Watson deals with them faith- 
fully; the existence of the image is denied outright, and affection is 
carried willy-nilly to the periphery. 

Watson offers three bits of evidence for his contention that "there 
are no centrally initiated processes." In the first place there are e.x- 
perimentalists who maintain that thought-processes may go on inde- 
pendently of imagery. In the second place there is no objective 
experimental evidence of the presence of different types of imagery. 
In the tliird place even the structuralists seek to reduce higher 
thought-processes to groups of obscure organic processes. I think 
that these arguments can be met in terms almost as brief as their 
statement. In the first place, the view that thought is independent 
of imagery hardly constitutes a presumption that there are no central 
processes of any kind. In the second place Fernald does not deny 
type, but asserts that “ an individual’s type can be adecpiatelv indi- 
cated only by an extended statement ” and that is the opinion now 
generally held by psychologists. But let us suppose that types can- 
not be indicated at all : by what logical inference may we pass from 
this negative finding to the denial of imagery? In the third place 
the reduction of thought to organic processes always implies in the 
background a cortical set corresponding to the .luf<jube. Watson, 
nevertheless, denies that there are centrally initiated processes, and 
proposes to find the bchaviorist equivalent of thought in movements, 

s" M. R Fernald. "The Diatrno'iis of Alcntal Imagery.'"' Psych. Moiwgr., 
XR’ , I. 191^. iaS ff. 
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chiefly, of the lar_\nx. In the same way he finds the behaviorist 
parallel of attective process in tumescence and shrinkage of the 
organs of sex. These views are put forward as matters of hypoth- 
esis and of personal conviction, though they are also put forward 
with some confidence. Time and trial will prove their value. 

IMeanwhile. it would seem that Watson has in both cases, in the 
case of image as in that of aft’ective process, overshot the logic of his 
position. The negative argument as regards imagery can never be 
proved in formal logic, to say nothing of the fact that it conflicts with 
a very large body of positive observation.-'^ Logical confusion is shown 
plainly enough in the following remark: " I may have to grant a few 
sporadic cases of imagery to him who will not be otherwise convinced, 
but I insist that the images of such an one are sporadic, and as un- 
necessary to his well-being and n'cll-tliiiiking as a few hairs more or 
less on his head." If there are any images at all, then there are (on 
^^'atson's own showing) centrally initiated processes, and behaviorism 
is bound to take account of them ; and his personal assurance that 
they are unnecessary to thought is offset at once by the assurance of 
Watt and others that thought does in fact go on in imaginal terms.-® 
Science is concerned with empirical facts; and for the individual 
man of science to " insist " that certain facts of observation may be 
cancelled without loss to the science to whose subject-matter they 
belong is to incur, at the very least, the charge of a certain rashness 
of behavior. 

Another logical objection seems to me to lie against Watson's 
procedure in this second article. All science works upon assump- 
tions, psychology no less than the other sciences. Wunsterberg, for 
instance, is wholly within his logical rights when he assumes that all 
conscious contents, without exce])tion, may be transformed into sen- 
sations given his premises, they must lie so transformed. Be- 

I quote a recent .statement: “ I'rom an actual count of factor.^ present 
in the recall of ten of our problems, we estimate that our investigation em- 
braces apiiroxiinately joo.ixio images. . . . Of all our introspectie e data, about 
ninety per cent, arc visual images’’ (K. O. Finkcnbindcr, .liner. Jouni. of 
Psych . XXV, 1014. Hi). 

PI. J. \\ att. " Experimentelle Eeitragc zu eiuer Thoorie dcs Denkens," 
.Irch f. d. ;ies Psych., I^' , mo.s, 31J; cl. my " Thought-prooe.^sos,” 1909, 
Lect. I. 

s" H Mun-terberg. " Orinulzuge der F^yehologie." I, UMO. 331. 
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haviorism would be equally within its logical rights in assuming that 
all central processes may be transformed into peripheral: given \\ at- 
son’s premises, they must be so transformed. But you cannot eat 
r’our cake and have it too. Yon may bring up facts in siqiport of 
3-our choice of assumptions ; and you may show the scientific results 
to which those assuntptions lead; you may not, surely, offer these 
results, even hypothetically, as facts in proof of your assumptions. 
If we take up IMunsterberg's position, we find nothing bnt sensations 
to work upon ; bnt that is not evidence that IMunsterberg's position 
is well-chosen. If we take up Watson’s position, we find, perhaps, 
laryngeal movements and changes in the state of the sex-organs : but 
that discovery gives no logical support to the principles of his be- 
haviorism.^^ It is, indeed, obvious that, if the larynx and the sex- 
organs prove refractory, the behavioristic equivalents of image and 
affection must just be put — hypothetically, again — somewhere else: 
and so on, and so forth ; for it is a logical consequence of the position 
that somewhere on the periphery the rei.iuired movements and 
changes are to be discovered: and the perifihery is complex enough 
to suggest any number of localizations. 

sr I do not deny that the empirical consequence^ nf a particular theo- 
retical attitude may serve imitcriaHy to justify that attitude fur its special day 
and generation; men have often worked successfully for a lime though the 
logical foundations of their work were insecure. But the permanence of the 
structure depends on the solidity of the foundations, and to shirk their inspec- 
tion i= only to make "more haste” for the sake of “less speed” 

■■’-’The reduction of pleasantness-unpleasantness at large to sheer sc.'t- 
feeling is to me nothing else than nonsensical But. like Watson. " I shall 
not attempt to develop the point further at the present time'’ It is. however, 
necessary to point out that the method of expression is nr.t so ill bestead as 
Y’atson declares it to be. In his late.st tabulation (Arch f. d f/cf, Fsych , 
XXXI, 1014. ayff. ), E. Leschke finds 90 per cent, of substantial agreement 
in the investigations which he considers The two principal sources of error 
are a disregard of neurasthenia and of vasomotor anomalies and — an inade- 
quate psychological training of e.xperirnenter and ob>er\er! 

I niav. perhaps, be expected to say a word on Watsrin's criticism of my 
own doctrine of affection. The doctrine itself, I regret to say, he has not 
understood. But he has also mistaken the motives which led me to adopt 
it. My view that affection lacks the attribute of clearness is, he .says, an 
assumption “arrived at largely m the interest of obtaining a structural dif- 
ferentiation between sensation and affection” (L', 426). .As if a structural 
system would not he .greatly simplified and. as system, improved by the rediic- 
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But the argument does not end here. I have formulated my 
criticism as if \\'atson's views were rigorously worked out, and as if 
his centrally initiated processes were conceived rigorously as physi- 
ological. That is, evidently, not the case ; these processes are, in Wat- 
son’s thought, both mental and physical ; not only are brain-changes 
to be transformed into their equivalent peripheral changes, but the 
facts of psychology (as psychologv- is currently taken") are also to be 
carried, by way of behavioristic substitution, to the bodily periphery. 
The ■■ required ” peripheral changes are required — by the thoughts 
and emotions of an introspective psychology! And with that, by 
definition, behaviorism has nothing to do. The contusion here is 
plain, and the critical point need not be further labored. I must add. 
however, in the same connection, that I do not understand Watson's 
attitude to sensation. He admits that there are special cutaneous 
nerves " which mediate pain.’’ He thinks that imagery is the key of 
the introspective stronghold: ” all the outer defences might be given 
over to the eneni}-.” These utterances seem to imply that sensation, 
if not part of the subject-matter of beltaviorism, is at least neutral 
ground between that and introspective psychology ; whereas, in the 
earlier article, sensation was definitely assigned to psychology.’''" Log- 
ically, I do not see how a behaviorist. in Watson's sense, can know 
anything of pain. I regard sensations as introspective material on 
precisely the same level with images: and I should challenge the be- 
haviorist to replace or duplicate, in his universalistic terms, the vari- 
ous observations recorded, for exanijde, in Stintipf’s '' Tunpsychol- 
ogie,” C)r in Ilering’s new " Lichtsinn."-’’* 

tion of affection to organic sensation! I only wish that I could see my way 
clear to it J, R .Angell recognized the temptation in Philos. Riz' , XIX., 
1910, .saa ; Watson’s comment puts the cart before the horse. 

. J, 164. 

"W. Stumpf, " Tonp^ychologie.” 1 , 1S84. \'orwort: E. Hering. '' Zur 
I.ehre vom Liehtsinne" [1874]. 1878. 7a. Iv 6 “Dor . . . Weg. uelehcr von 
den Aethersehw ingungen ausgeht. hat bis jetzt, so weit es .^ich nicht bios 
urn die .Seliieksale der Lichtstrahlen in den optiseheu Medien, also Icdiglieli 
nm eine .\ppiieation der pliybikalisehen Optik auf's .Vuge handelte, noch zu 
keinem Ergebiiis.se gefuhrt"; “ Ich war immer der .\n.sicht. dass die grossen 
Aufgabcn, welelie der I’hysiologie und insbesondere der Xervenphysiologie 
gestellt sind, am z weekni.i'.sigslen, ahnlieh enter Tunnelbohrung. von zwei 
Seiten zugleieh in .Wigritt genommen werden. n.imiicli nieht nur von der 
phy.'.ikalisch-eliemisehen Scite, .sondern aiieh von der psyehischen." 
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All in all, this paper on Image and Affection, while it is written 
with a truly scientific candor, shows. I think, that the author has im- 
perfectly grasped the logic of the situation which he ha^ himself 
created. 

In trying, now, to appraise Watson's proposals as a wliole. we 
must begin by clearing them of their personal and accidental accom- 
paniments. Watson demands a psycholog\- " which concerns itself 
with human life " and whose " problems vitally concern human 
interest.” He ascribes to such a psychology the practical goal of the 
control of behavior, the regulation and control of evolution in gen- 
eral; that is to say, he connects it with euthenics and eugenics. These 
expressions give his proposed psychology the stamp of a technology; 
for science goes its way without regard to human interests and with- 
out aiming at any practical goal; science is a transcription of the 
world of experience from a particular standpoint, deliberately 
adopted at the outset and deliberately maintained ; the pursuit of a 
practical end is the earmark of a technology. And how does that matter 
in the present context? It matters very greatly. Watson is asking 
us, in effect, to exchange a science for a technology ; and that exchange 
is impossible; for a technology draws not upon one but up(jn main- 
sciences, and draws upon many other sources than science : aiul 
the striking of a balance-sheet between a given science and a given 
technology is out of the question. I said above that behaviorism can 
never replace psychologv- because the scientific stanrl[)oints of the 
two disciplines are different; we now see that Wat.son'v hehaviorinn 
can never replace psychology because the one is technological, the 
other scientific. This technolo.gical coloring, while it strengthens 
the emotional appeal of Wat.son's plea, is nevertheless not of the 
essence of behaviorism. The bchaviorist's position, as we shall sec. 
may be outlined in the plain black and white of science. 

The two articles are characterized, again, by the recurring note 
of hurry, of impatience. Fifty-odd years gone, and we have ac- 
complished so little ; two hundred years, and shall we have accom- 
plished much more? .Surely it would he well to sweep the field clear, 
to forget the past, and to start the race anew! Ihit all reformer', I 
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suppose, are likely to be impatient; and their impatience does not 
affect the value of their proposed reforms. We need not regard this 
hurry, either, as of the essence of behaviorism. Watson himself, in 
less fervid mood, might not grudge us a little time for the study of 
his plans. — would even recognize, I believe, that our hasty acceptance 
of them, without due consideration, must be more dangerous than a 
reasonable delay. 

So we come at last to behaviorism itself: and what I take that to 
be I can best indicate by a parallel. In tbe disciplines which we call 
physiological psychology and psychophysiolog}' we are interested, 
with slight difference of emphasis, in the two aspects of certain phe- 
nomena of the living organism; we seek to couple physiological with 
psychological, psychological with physiological, and so to get a com- 
plete description of the psychophysical. We may. now, in just the 
same way, speak of biological psychology and of psychobiology : in- 
deed, those terms are already in use. and their general significance is 
plain. But here is the context to which behaviorism, if I understand 
it aright, must of necessity belong : it is the biological side of a biolog- 
ical psychology or of a psychobiology ; I cannot make it more, and I 
do not think that its practitioners can make it less. The argument 
is as follows : 

The behaviorist, as ^^’atson describes him, aBo studies certain 
phenomena of the living organism. In theory, ho may study these 
phenomena in either of two different ways. He may regard them as 
phenomena simply, as last facts, as things given, as phenomena to be 
taken at their face value and de.'-cribed and explained in their own 
right : then, he is working in what wc are accustomed to call biology ; 
he has adopted no new standpoint and needs no now name. Or again 
he may regard them as symptomatic ; as reporting, expressing, indicat- 
ing, leading up to something beyond themselves ; as claiming detailed 
study, not only in their own right as data of biology, but also because 
of tills further and specific character of report or expression. Here 
is ground for a discipline other than biology: a novel point of view 
has been attained. At once, however, the (piestion arises : What, 
then, is it that the phenomena report or express? (_)f what are they 
symptomatic? The answer seems obvious: they are symptomatic of 
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behavior. And the answer seems satisfactory — until we remember 
that the phenomena, by hypothesis, are behavior. " behavior material,'’’ 

“ behavior data," and that a phenomenon cannot both ” be ’’ and ‘‘ be 
a symptom of " the same thing. I see no way out of this dilemma. 
Either the behaviorist is just biologist: and in that case he has no 
nearer relation to psychology than have his coworkers who are con- 
tent to call themselves biologists ; or the behaviorist sees expression 
where the biologist sees ultimate fact; and in that case he may 
equally well be called psychobiologist, seeing that the phenomena ex- 
pressed or reported by the organic changes which he studies cannot 
be anything else than psychical. 

But if this conclusion is sound, it means two things. It means 
that behaviorism is correlated with a psychology, with some sort of 
psychology in the usual sense : and it means that behaviorism must 
take account of all kinds of organic changes, and not merely of those 
occurring at the periphery. I believe that both of these consequences 
must be accepted. Consider again, for example, Watson's reduction 
of thought to delicate movements of the larynx: those movements 
are movements of incipient or vestigial articulation. But words, as 
Watson seems to have forgotten, are also meanings; and meanings 
take us either to the nervous center — or to psychology : they take us, 
in fact, to both. ^Moreover, the very problem of these laryngeal 
movements is given to the behaviorist by psychology : how would he 
have lighted on the idea of transforming thought into movement un- 
less psychology had made him ac<iuainted with thought? I do not 
say that the incentive will come always or must necessarilv come from 
the psychological side ; there will be give and take ; but it is none the 
less clear that behaviorism and psychology are, in this context, cor- 
relative ; and that though an individual student may wi.^ely and suc- 
cessfully confine himself to the study of behavior, — yes, and mav all 
his life maintain a polemical attitude to psychology proper, — it is yet 
impossible to have a science of behaviorism independent of all psy- 
chology. It is eciually imjjo-^ible, of course, within the same context 
of psychobiology, to have an independent science of ps} chologv : the' 
two halves are essential to the single whole: and the psvcholngv of 

Cf. with this paragraph A, 158 ff. 
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the behaviorist will, in matters of selection, emphasis, arrangement, 
terminology, perspective, differ from general psychology just as be- 
haviorism itself dift'ers from general biology."'" 

W'e thus conclude that to say, as was said above, " psychology 
would begin where a completed behaviorism left off,” is really to say 
too little. The psychology which is correlated with behaviorism 
begins when behaviorism begins, and the fortunes of the two are 
bound up in the same bundle. Psychobiology will run the same 
course as psychophysiology and psychoplwsics. It is now, I suppose, 
in its first phase, when pioneer work brings in gross and tangible re- 
turns. Next will come the period of revision, of elaboration of 
details, — a period of discouragement, perhaps, as the former was a 
period of elation. And then will follow the period of slow and 
steady progress, varied by a certain amount of wholesome interrup- 
tion. IMeanwhile introspective psychology, which is now entering 
upon this third stage of its scientific career, will go quietly about its 
task, wishing the new movement all success, but declining — with the 
mild persistence natural to matters of fact — either to be eliminated 
or to be ignored. 

.^.t this point we become involved in the controversy regarding the 
possibility of an " animal psychology.” I have no wish to avoid that issue, 
though I must postpone its full discussion lor another time. I believe that 
an animal psychologv' is definitely possible: I think that with the law of 
continuity as basal presupposition, and with the argument from analogy for 
use in the concrete case, the science may be established. Meantime I have 
elsewhere expressed my agreement with Watson that there can, in strictness, 
be no objective criterion of the psychical {A, l6i). 


PROC. .4MER. PHIL. bOC., LIII. 213 R, PRIXILDJL'NE iS. I9I4. 



THE VALENCE OF NITROGEN IN AMMONIUM SALTS. 


By william A. NOYES axd RALPH S. POTTER. 

(Read April 24, 1914.) 

During the early years of the development of the theory of 
valence many chemists held the view that each element has an un- 
varying valence. The apparent change of valence in nitrogen from 
ammonia to ammonium salts and in phosphorus from phosphorus 
trichloride to phosphorus pentachloride was explained by calling the 
ammonium salts and the pentachloride molecular compounds, as dis- 
tinguished from ammonia and the trichloride, in which the true 
valence of the elements was supposed to be shown. This view 
received support from the dissociation of ammonium salts and of 
phosphorus pentachloride in the gaseous state, (riradually, with the 
demonstration that phosphorus pentachloride volatilizes in part un- 
changed, that phosphorus pentafluoride, PF-, has a vapor density 
corresponding to its formula and, in general, that dissociation in the 
gaseous state does not correspond to any rational distinction between 
unitary and molecular compounds the view that elements may show 
a varying valence in their compounds and that nitrogen and phos- 
phorus are sometimes trivalent and sometimes quinquivalent, came 
to be generally accepted. 

More recently Werner' has proposed a modified molecular 
formula for ammonium chloride. H.,N..HC 1 . Lv this formula he 
intends to indicate that in the ammonium salts the nitrogen atom 
retains a normal valence of three hut that the nitrogen atom of the 
ammonia and the hydrogen atom of the hydrochloric acid are held 
together by secondary (“Nehcn"j valences, the hydrogen and 
chlorine of the acid retaining e.ssentially the same relation to each 
other as in the free acid. 

' See “ Neuere .Nnschauungt.'n auf dem Gebiet der anorganisthen Chemie. ’ 
p 96 (1905). 
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An amino acid may, theoretically, assume in the aqueous solu- 

,COJd 

tion the following forms: (a) the free acid, R\ : (b) a cyclic 

> CO , CO — C 

salt, RC >0, rjT according to Werner, R<^ ■ ; (c) a 

^xh; Xxh— H 

bimolecular or polymolecular salt formed bv the union of two or 
' CO — H„X 

more molecules, R<^ the ions of the acid group. 

\XH — O..C''^ 

COT ,CC),H 

R< and H* ; ( c) the ions of the base. R<^ and OH"; (f) 




XH, 




XII - 


/COT 

the double, amphoteric ion, RC .- 

^XHf 

The “ inner salt structure was first proposed by Erlenmeyer 
and Siege? in 1875. Ten years later Ostwald^ noticed that solutions 
of glycocoll, CH^XH^CO.H, have a very low molecular conductivity 
and that this is only slightly increased by dilution. He states that in 
its behavior it is more like a neutral salt than an acid. In 1891 
iMarckwald° called attention to the fact that amino acids of the 
aliphatic series react only slowly with the mustard oils, while other 
primary amines react quite readily. Since the amino acids react 
easily in alkaline solutions, he held that the acids are, in reality, 
inner salts. Sakurai" attempted to substantiate the “ inner salt ” 
structure on the preparation from halogen derivatives of the acids 
and on the resistance which amino acids offer to the formation of 
acid chlorides. Walker' points out that conductivitv determinations 
tell us very little about the structure of glvcocoll but that since the 
conductivity of phenylglycocoll. C,HI.X"HCILCO„H. is greater than 
that of acetic acid it must contain a carhoxvl group which ionizes. 
Tilden and Forster' showed that the atnino group of amino acids 


- “ Zwitterion.” 

^ Aim.. iy6. .S40 (1875L 

*f. prakt Chciii.. 369 (1885') 

■'Bcr., 3 f. 3278 ti8oi). 

Proc. CIiciii. .^oc.. JO. No. 1.38 (1804'). 
’’ Proc. CIiciii. Soc.. jo. No 13Q (1805). 
^ Chciii. Xczes. ;t. 239 (1893). 
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may be replaced by chlorine by the action of nitrosyl chloride 
and considered this an argument against the inner salt formation. 
Somewhat later Carrara and RossP based an argument for the 
inner salt structure on the conductivity of betaine hydrochloride, 
(CHjCXClCH.rCO,!!. From the values found they considered 
that the salt was almost completely hydrolyzed to hydrochloric acid 
and betaine, f CH,').,XCH.CO. Winkelblech^'’ points out, however, 

O 

that if betaine hydrochloride is in reality hydrolyzed the conductivity 
of the solution should be the same as that of the equivalent amount 
of hydrochloric acid while both Bredig's measurements and those 
of Carrara and Rossi gave a conductivity scarcely more than one 
half as great There can be no doubt, of course, that the anhydride 
of betaine, (CH 3 )^XCHjCO„, has the structure of a salt, but no one 
seems to have determined whether this is monomolecular or di- 
molecular. Our results given below indicate that a solution of an 
amino acid which gives no inner salt may still contain the acid 
mostly in the monomolecular form. 

Winkleblech‘1 discusses the hydrolysis of an amino acid on the 
basis of conductivity data for weak acids, weak bases and water. 

It does not seem possible from conductivity data, however, to de- 
termine whether the acid is in the form of an inner salt, 
XO, 1 .COJI ,COJ-I 

R\ , in the unionized state, R<^ or Rq ' in the 
^XH3j ^XfL ^XlTJjll’ 

form of the double, amphoteric ion R^ or in the form of a 

\\ITF 

CO,--XH,. 

bimolecular salt, R<^ xR. The hvdrogcn and hvdroxvl 

^XH.,-~C0/ ' ■ • 

ions of the amphoteric form would, of course, combine to form 
water and if the acid and basic functions were of equal "strength” 
the solution would react neutral. None of these forms would show 
any conductivity and vhile the bimolecular form could be distin- 

^ Atti R. Accad. Lined (5), 6, 208 (1807), 

Z, pliyn'’ Clicin . p6. stjo ( looi). 

Loc cit. 
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guislied from the others by a determination of the molecular weight 
it is not clear how anv of the ordinary physical methods could be 

CO., COJ-I 

used to distinguish between the three forms, R\ . RC 
.COI .CO,H 

and Ry . The form R<^ would have a lower molecular 

weight and might, possibly, be distinguished from the other three 
by that means. It does not seem to us that the ordinary equations 
for hydrolysis, whiclt Mhnkelblech attempts to apply, could be used 
in a complex case of this sort. 

From the above summary it would seem that the evidence with 
regard to inner salt formation is not altogetlier satisfactory and light 
upon the question from an entirely different point of view is wel- 
come. We think that we have secured this from a study of the 
specific rotations of a series of amino acids derived from camphor. 
The formulas and names of the compounds are given below. To 
bring out the relationships more clearly the specific rotations given 
for the salts are calculated to the basis of one gram of the free acid 
in I c.c. of the solution instead of for one gram of the salt. 


CH.,— CfCHX— CO 

I ' I ^ \ 

C(CH,X O 

I I “ ■ / 

CH,— CH XH, 

Aminocamphonanic Acid. 

(a)n = — 29.2". 

CH~C(CHJ— COJl 
C(CHO, 

CH— CH— XH,,CI 

Hydrochloride of .Aminocam- 
phonanic Acid, (o-) 0 — 250°. 

CH„— CfCHONH, 

■ I ' \ 

C(CH3)„ o 

CH,— CHCO' 

Aminodihydrocampholytic Acid. 
( a) 0 = 53-7° ■ 


CH.—C(CH..)—CO 

! ' I '1 

C(CHT., I 
I I I 

CH — CH— XH 

Anhydride of Aminocampho- 
nanic Acid (a)n = — 60.5°. 

CH.,— C(CH.)— CO..Xa 

I 

C(CHO,, 

i 

CH,— CHXH, 

Sodium Salt of .Aminocampho- 
nanic Acid. (0)0 = 528°. 

CFL— C(CHO— XH 
CIL— (^H CO 

Anhydride of .Aminodihydrocam- 
pholytic Acid. (0)0 = 728°. 
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CH,— CiCHe'jXH^Cl 


i 

1 I 

1 1 


CH— CHCO.H 

Hydrochloride of Aminodihy- 
drocampholytic Acid. 

(2)d = 4I-3'- 


CH — C(CH3)XH, 
i 


CH — CHCOX'a 

Sodium Salt of Aminodihydro- 
campholytic Acid. 
ia)D = iS3°. 


CH — CO,H 
C('0H3)„ 

I ' 

CH 3 — CH— CH.XH, 

a-Aminocampholic Acid. 
( 3)0 = 67 °. 

CH,— C(CHFi— CO,H 

i i 

I C I C H , ) . 

i i 

Cl I — C H— Cl I X H ,C1 

Hydrochloride of a-.\minocam- 
pholic Acid. (3)0 = 44.7°. 


CH, — C( CH, )CO 

i ‘ i “ \ 

' CiCH..'), XH 

i I “'■ / 

CH,— CH CH3 

Anhydride of a-Aminocampholic 
Acid (a)o= — 339°- 

CH,— Cl'CH.. i— CO..Xa 

I ■ i 

i ! 

CH— CX— CH,— XH. 

Sodium Salt of a-.\minocam- 
pholic --^cid. (3)0 = 62.4°. 


CII,— Ci'CII. )— CH.XH. 
'I 
(I'l CH 

! 

CTT — CH— COH 

P-.-\minc)campholic Acid. 

(a )o = 16,4° 


CH,— ClCH,)— CH, 


C C(CI-L). XH 

i 1 ■ / 

CH,— CH CO 

Anlivdride of | 3 -Aminocampholic 
.\cid (3)0 = 665°. 



CiCH.'i— CH.XH.Cl 
I ■' 


1 Cl Clio, 

I 1 

CH CH— Cri.H 


Hydrochli Tide of ,8-Aminocam- 
pholic .\cid (3)0 = 41.3°. 


CH.— C(CH ')CH„XH.. 

! ' I ' ' ‘ 

I C(CH,),. 

I I ■ 

CH CH— CO.X'a 
Sodium Salt of / 3 -Aminocam- 
pholic .Acid, (a) o = I4 3°- 


It will be noticed that the aminocamphonanic acid and amino- 
dihydrocamphol} tic acid are represented as liaving a cyclic or inner 
.salt .structure, while the aminocampholic acids arc both represented 
as having an open structure. The evidence for these structures is 
based on the specific rotations of the compounds. The rotation of 
the sodium salt and hydrochloride of aminocamphonanic acid are to 
the right while that of the anhydride, which is undoubtedly cyclic in 
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structure, is to the left. The free acid is also left handed, indicating 
a cyclic structure similar to that of the anhydride. The sodium salt 
and hydrochloride of aminodihydrocampholytic acid are right 
handed. The free acid and anhydride are also right handed, but with 
a considerably increased rotation. The sodium salt and free a-amino- 
campholic acid are both right handed with rotations closely alike, 
indicating that each has an open structure, but the anhydride, which 
certainly has a cyclic structure, is left handed and has a rotation 
very closely like that of the aminocamphonanic acid, indicating 
again very clearly that the latter has a cyclic structure and that each 
coiiipoiiiid contains a cycle of six atoms. The sodium salt of fi- 
aminocampholic acid and the free acid also correspond closely in 
rotation, indicating an open structure for both, while the hydro- 
chloride and anhydride have a considerably greater rotation, as is the 
case with both the free aminodihydrocampholytic acid and its an- 
hydride. 

All of these observations are consistent with the hypothesis that 
aminodihydrocampholytic and aminocamphonanic acid form cyclic 
salts containing cycles of six atoms, while the aminocampholic acids 
do not form such salts because, if formed, they would contain cvcles 
of seven atoms. It seems difficult to find any other simple explana- 
tion for the observations. 

The result.s also point very strongly to the formula for am- 
monium salts which represents them as containing quinquivalent 
nitrogen and against ^^'crncr's formula. According to Werner's 
formula the free aminocamphonanic and aminodihvdrocampholvtic 
acids would contain cycles of seven atoms, 

CH.— CiCTT,')— CO— () 

i " I ■ I 

I C(CH.). T[ 

! I “ - 

CII,— CII XH., 

Such a formula is quite inconsistent with all that we know about 
the ease with which rings of five and six atoms are formed and the 
comparative rarity of seven-atom rings. It is also inconsistent with 
the close agreement between the rotation of the aminocamphonanic 
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acid and that of the anhydride of a-aminocampholic acid. We 
know that the latter compound contains a six-atom ring. 

Determinations of the molecular weights in aqueous solutions by 
the freezing point method have shown that all four of the amino 
acids are monomolecular in such solutions. 

The experimental details of the investigation will be published in 
the Journal of the American Chemical Society. 



SO:\IE FURTHER COXSIDERATIOXS IX THE DEVELOP- 

:mext of the electrox coxceptiox 

OF VALEXCE. 


By K. GEORGE FALK. 

{Rend April 24, 1914.) 

The electron conception of valence is based upon the view that 
when two atoms combine, one becomes charged positively and the 
other negatively. According to J. J. Thomson,' the union of two 
atoms is brought about by the transfer of a negatively charged cor- 
puscle from one atom to the other; the atom losing the corpuscle 
becoming charged positively, the one gaining the corpuscle, charged 
negatively. In order to represent graphically the linkings between 
atoms the lines or dots which represent the bonds ordinarily are 
replaced by arrows in the electronic considerations, the head of the 
arrow indicating the direction in which the corpuscle is assumed to 
be transferred in the production of the chemical bond. 

In every discussion of valence, it is necessary to consider the 
limitations of the problem. Valence is a number. The valence of 
an atom shows the number of corpuscles or negative electrons 
gained or lost by that atom in forming chemical bonds. In slightly 
different terms, the valence of an atom shows the number of atoms 
(or groups of atoms') held in combination by that atom when the 
hydrogen atom as it exists in most of its compounds is taken as the 
positive unit. \'alence may be likened to the capacity factor in 
energy considerations.- Like the capacity factor, it is denoted by a 
definite number, and while this number may vary under different 
conditions, a quantity or number of atoms (or combining weights) 
held by an atom (or combining weight) of the element in question 
is always meant. 

'“The Corpuscular Theorj- of Matter,” pp. 138-g (1907). 

- Cf. S. L Bigelow, “Theoretical and Physical Chemistry,” p 80 (1913). 
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In the same way, the chemical affinity between two combining 
atoms would correspond to the intensity factor in chemical energy. 
This chemical affinity can be measured cpiantitatively only by the 
change in free energy of the reaction in ciuestion. Stability rela- 
tionships. or chemical affinity discussions, do not enter directly into 
valence questions, although the existence of substances is controlled 
entirely by these. The separation of these two problems, valence 
and chemical affinity, makes it clear that while a great number of 
substances may be predicted from a consideration of valence struc- 
tures alone, questions of chemical affinity, or relative stability, limits 
the number of these substances which are actually known or may 
be prepared. 

As a result of the compar,ative study of large numbers of com- 
pounds. it has become possible to say whicli would probably exist 
under ordinary conditions and whether some would react more 
rapidly than others. These ciualitativc factors do not give anv in- 
formation concerning the real quantitative measures of relative 
stability. 

b'alence is therefore essentially a classifying principle. While it 
is based directly upon and derived from the atomic theory, it may 
also be used without considering atoms. The conception of atoms 
and molecules is based upon the experimental laws of definite and 
multiple proportions, and if, instead of atoms and molecules, com- 
bining and formula weights are used, the same relations will be 
found, although perhaps not pictured as readily. 

The most important feature of the present development is that 
in speaking of the valence of an clement, it is not sufficient to give 
a number. It is just as important to state whether this number is 
positive or negative, as the valence or the number of unit atoms or 
groups held in combination involves also tlie question whether these 
are electropositive or electronegative. This is brought out clearly 
in the Periodic .%siem of blendeleeff, e>peciallv for Groups 4 to 7, 
where the types of combination with hydrogen and with oxygen 
ref)resent the maximum negative and positive valences of the ele- 
ments of these groups. 

Since the valence of an atom nia\ be [)o-itive or negative depend- 
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ing upon the loss or gain of corpuscles, the knowledge of the elec- 
trical state of an atom in a compound is of importance. Ionization 
in solution is an invaluable aid in determining the distribution of 
these charges. Dissolving a substance does not produce electric 
charges on atoms but only makes these charges manifest to certain 
experimental metliods. These are, in fact, the only direct experi- 
mental methods for determining valence. For substances which 
ordinarilv do not ionize, a knowledge of the distribution of the 
charges is also important. This question was taken up for organic 
compounds and reactions bv Professor J. IM. Xelson. of Columbia 
University and the sjjeaker in a number of papers.^ It was shown 
that satisfactory classifications could be developed with the electron 
conception of valence alone, but that the use of both polar and non- 
polar valences leads to contradictions in reactions which are fun- 
damentally similar. 

AMth compounds which do not ionize, the Periodic System serves 
in a general way as a guide for developing valence structures in 
wliich relative positive and negative properties of the dift’erent atoms 
are involved. When two atoms are united by a single bond (one 
unit of valence), where one corpuscle is transferred in the produc- 
tion of the bond, there is ordinarily no question of the direction of 
transference of this corpuscle, that is to say. which element is posi- 
tive and which is negative. If isomers exist, the diiterence in the 
relative affinity of the atoms for the negative corpuscle may be small 
(as in iodine monochloride) and the less stable modification may 
possess the structure in which the corpuscle is transferred in the 
opposite direction from that of the stable modification. 

Some interesting questions are raised when the double bond is 
considered from the electronic point of view. As used in the past, the 
justification for the double bond lies in the desire to maintain con- 
sistently. con-tant values for the valence of certain atoms. Practical 
work during the past fifty years has borne out within certain limits 
the usefulness of this conception. Before discussing the significance 
of the double bond with the newer ideas of valence, some general 

'■'■Jour. Jincr. Chem. Soc., 32. 1167 (ipiol ; +40 (1911); jS, l8l0 

(mu'! ; 36, 209 (1014). 
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facts must be mentioned. A single bond between two atoms gives 
no information as to the stability of the union between these atoms. 
A double bond between two atoms cannot give any more information 
with regard to the stability of the linking. Qualitatively it has been 
found that the rate of reaction for compounds containing double 
bonds is greater in some ways than the rate for compounds contain- 
ing single bonds, and that with certain reagents decomposition at the 
double bond occurs more rapidly than at other parts of the mole- 
cule, but this is manifestly different from a discussion of true 
stabilities of compounds. Reaction velocities bear no simple rela- 
tion to stabilities of substances and “ reactivity " as used in organic 
chemistry very often refers only to these reaction velocities. The 
double bond in the ordinary language signifies two units of valences 
just as the single bond denotes one unit of valence, and in this sense, 
the only permissible one, the representation of a double bond by 
two lines is a correct picture of the linking when one line is used for 
the single bond, 

^^"hen two atoms of elements which differ very markedly in elec- 
trochemical properties are combined by a double bond, one of these 
atoms may be considered to be elcctropo'^itive and the other electro- 
negative, In valence terms, an atom of one of these elements has given 
up two negative electrons to the atom of the other to form the double 
bond, the former becoming positive, the latter negative. These 
cases are as simple as those in which only single bonds arc involved. 
Two units of valence are used in each linking with the result that 
the valence of one of the atoms is -f- 2 and of the other — -2 due to 
the double bond. 

If two atoms of elements which do not differ much in electro- 
chemical properties are combined bv a double bond, the possible 
relations from the electronic point of view are somewhat more com- 
plex. On the other hand, e.xplanations of reactions and classifica- 
tions of isomers are afforded which are not possible with the view 
of the double bond in which electrons are not considered. 

For the present purpose, it will be sufficient to outline some of 
the relations. The substances to be considered include mainly the 
compounds of carbon with clonljle bonds between two carbon atoms 
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or between one carbon atom and an atom of some other element 
such as oxygen or nitrogen. In order to illustrate the present dis- 
cussion with a definite case, a compound containing a double bond 
between two carbon atoms in which the other bonds are combined 
with similar groups, may be chosen. Two possible arrangements 
suggest themselves with regard to the directions in which the cor- 
puscles may be transferred to form the double bond. One carbon 
atom may lose two corpuscles and the other may gain two in the 
formation of the double bond. In this case, the valence of the first 
carbon atom due to the double bond is 2, of the second — 2. 
The other possibility involves the gain and loss of one corpuscle by 
each of the carbon atoms in forming the double bond. In this case, 
the valence of each carbon atom due to the double bond will be 
— I -}- I. Since the oxidation of an atom is defined as a decrease 
of the negative charge or number of corpuscles, and reduction as 
a decrease of the positive charge, tliese atoms united bv the double 
bond would be present in difterent states of oxidation in the diflferent 
isomeric substances. It is evident therefore, that, with the electron 
conception, the double bond may show dififercnt reactions with 
various reagents depending upon tlie directions of the valences of 
the double bond or the state of o.xidation of the atoms united hv the 
double bond. Isomeric substances might exist in which the isomer- 
ism would be due to the difi'ercnt directions of tlie valences of the 
double bond. This subject has been discussed at some length in 
previous papers.^ 

Similar relations should be e.xpcctcd to bold with compounds 
containing a triple bond. While not as mud) work has been recorded 
in the literatui'c for substances of this nature, it has been possible, 
with the electron conception of valence, to c.xplain so:ne reactions of 
compoiind.s containing triple bonds much more satisfactorily than 
with the older valence view. 

The genei'al view of valence is that of a classification of chem- 
ical compounds and reactions. Since the introduction of the elec- 
tronic nature of valence into all branches of chemistry widens and 

‘‘Cf. .S', of M Oiiartorly, yo. lyg (nxH)') ; Jour. Amcr. Chon. Soc., S-> 
1167 (igio) 
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extends the classification, and since much of the classification de- 
pends upon a number of correlated facts and relations and not upon 
single crucial and well-defined experiments, it may be expected that 
some of the formulas advanced and explanations of reactions offered 
at the present time will be subject to change. Caution must contin- 
ually be exercised against reading into valence structures ideas which 
are foreign to valence. A limitation of the questions discussed to 
the phenomena which may rightly be included would obviate much 
confusion and bring valence relations into clearer light. 

H.\erimax Research Laboratory, 

Roosevelt Hospital, New York. 



HEWETTITE, METAHEWETTITE AXD PASCOITE, 
HYDROUS CALCIUM VANADATES. 

By W. F. HILLEBRAXD, H. E. MERWIX and FRED E. WRIGHT. 

I XTRODUCTIOX. 

(Read April 2S. 1914 ) 

Some years ago, ]\Ir. D. Foster Hewett, in a paper^ on the re- 
markable vanadium locality of ^linasragra, Peru, described briefly 
certain o.xidation products of the vanadium sulphide ore. patronite, 
which he was inclined to regard as vanadic acids, although the opin- 
ion of one of us iH.'), ba^ed on preliminary analyses, was that two 
of the minerals were calcium vanadates. 

Several years later the chief constituent of a certain red ore of 
vanadium from Paradox \'alley. Montrose County, Colorado, was 
identified (H.) as a calcium vanadate, seemingly identical with one 
of those from Peru. Since then this red ore has been found over 
a wide area, extending into L’^tah. A good deal of additional chem- 
ical work has been done intermittently during the past three years upon 
material of both occurrences and it has been studied microscopically. 
It has developed that, although the minerals arc deceptively alike in 
appearance and general behavior and have the same empirical for- 
mula, they seem to be specifically distinct, are probably in fact isomers. 
The Peruvian mineral, the first knowai and studied, we are pleased 
to name hcwcttitc. after iMr. D. Foster Hewett, now of the U. S. 
Geological Survev, who has done so much to make the IMinasragra 
occurrence known. Its isomer may appropriately be called iiieta- 
Jiczi’cttitc. It is probable th.at hewettite occurs also in Paradox \ al- 
ley (see under metahewettite, pp. 37-38L 

The detailed results of the several authors' work are submitted in 
the following pages, a preliminary announcement having appeared 
in the Jour. JJAsIiingtoii Acad, of Sci.. 5. 157, 1913. 

1 Trans. Am. Inst. Min Eng.. 40. agi, lyoo. 
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Hewettite. 

Hewettite was rather abundant at the time of iMr. Hewett’s visit 
to iMinasragra. It is wholly of superficial occurrence, derived by 
oxidation from the vanadium sulphide, patronite. The principal 
specimen examined by us was a lump about the size of a small apple. 

In the lumpy aggregates of pure mineral hewettite is deep red 
(mahogany red)- with a somewhat silky luster. Under the micro- 
scope the needles measure usually less than o.oi mm. in width and 
0.2 mm. in length. The extinction is parallel. The refractive in- 
dices measured by immersion methods could be only approximately 
found because of the extreme thinness of single blades and the lack 
of entire parallelism of the blades in a group. Also, /? and y were 
so high that slight heating was necessary to embed the mineral in the 
standard refractive media, thus causing expulsion of an unknown 
amount of water. For Li-light j8 = 2.i8, y = about 2.35 

to 2.4. Elongation is parallel to 7. Pleochroism is strong; y dark 
red, a and /? very light orange-yellow. The mineral is probably 
orthorhombic. A determination of density, made by i\Ir. E. S. Lar- 
sen, on air-dried material gave a value 2.618. A subsequent deter- 
mination by one of the authors fiNL), using material containing 9 
molecules of water, gave 2.554. The apparent discrejiancy between 
these two determinations is explained by the fact that the material 
used by iMr. Larsen was partially dehydrated. 

The mineral when heated passes through various color changes 
(see p. 46) and melts readily, forming a dark red liquid ; it is slightly 
soluble in water. 

The composition of an almost pure specimen, on which the fore- 
going optical examination was made, is given under analysis i 
(p. 40). Analysis la, in the footnote on pp. 40-41 (quoted by ]\Ir. 
Hewett, loc. cit., p. 31 1 ), represents a lump of ore showing little evi- 
dences of crystallization hut otherwise resembling closely the better 
specimen, although the microscope shows it to he far from homogene- 
ous. In spite of the similarity in appearance of the two specimens, the 

- The specific color terms used in these descriptions are based on com- 
parisons with Ridgway’s standards. See “ Color Standards and Color No- 
menclature,'’ Robert Ridgway, Washington, D. C., 1912, 
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analyses show quite different percentages of lime. This is not sur- 
prising if we conceive that the vanadium of the patronite has become 
oxidized to a polybasic acid of quinquivalent vandium, which then 
was gradually neutralized by calcium. It seems reasonable to expect 
that ores of all gradations occur from the sulphide patronite to the 
half neutralized salt hewettite and finally to the fully neutralized salt 
represented by pascoite (p. qq!. Indeed, such intermediate stages 
are probably represented by a number of the specimens brought from 
Peru by IMr. Hewett and of which a few analyses are given in his 
paper. These ores are, for the most part, microcrystalline, though 
some show distinct evidences of crystallization, as Air. Hewett 
pointed out. They are of varying colors, from red through greenish 
to the black of the original patronite. Some of the specimens are 
not fully oxidized'* but contain vanadium in a lower state of oxida- 
tion than corresponds to quinquivalency, and even free sulphur. 
Some of them are characterized by high iron content and relative 
freedom from lime, as shown by the following analysis, which seems 
to represent essentially a ferric vanadate. 


\b05 5” 3 

V =0 4.8 

M 0 O 3 3 3 

Fe^Oa 196 

TiOa I 

SiOa 6 

CaO 7 

H ,0 13-9 


1003 

Molybdenum is naturally a characteristic component of the oxi- 
dation products of patronite since it occurs in the patronite ore. 


IMet-v h ewettite. 

Unlike the Peruvian mineral, the North American vanadate is an 
impregnation in sandstone, generally coating the sandstone grains, 
sometimes filling cavities and crevices. The specimens are almost 

^ .A-nalysis I indicates that o.xidation is not yet quite complete in our best 
specimen. 

* Made in 1907 in the laboratory of the U. S. Geological Survey and 
quoted by Mr. Hewett, loc. cit., p. 31 1. 

PROC. AMER. PHIL. SOC., LlII. 2I3 C, PRINTED JUNE I7, I9I4. 
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always friable, some falling to powder. Gypsum frequently accom- 
panies the metahewettite and often encloses it. producing then the 
appearance of a distinctly crystallized red mineral. When pure the 
powder is dark red ; gypstyn present lightens the color. Even when 
free from gypsum the red vanadate is almost always associated with 
other minerals, partly residuals from the impregnated sandstone, 
although occasionally almost pure material is found, like that repre- 
sented by analysis II (p. 401. The impurities interfered greatly 
at first with the precise determination of the crimposition of the van- 
adate, particularly as to its water content. For this reason no quan- 
titative analysis of the mineral from Parado.x \’alley is given, 
although an abundance of the ore was at our disposal and one or 
more analyses of it were made before purer material, from Thomp- 
son's, in eastern E'tah, was obtained. These analyses made evident, 
however, the chemical identity of the Paradox and Thompson's 
minerals. 

The ore at our disposal from Thonip'On's differs somewhat from 
that of Parado.x A'alley by a greater variation in its shades of red, 
some of these being very bright in contrast with the usually duller 
shades of the ore from Paradox.^ There are also assiociated with it 
at least two interesting minerals, brith of which were also noticed 
later in ore from Paradox and the Henry iMountains. 

One of these, gray in color, is a hydrous silicate of aluminum, 
trivalent vanadium and potassium. It is no doubt the same silicate 
that was fiiwt noted by one of us (II. 1 in carnutite ores and seems 
to be a crjiistant associate of all the uranium and vanadium ores of 
western Colorado and eastern L'tah, in -ome places constituting the 
chief vanadiferous component of the ore. In the ore from Thompson’s 
it forms soft patches throughout the re<l mass, some of which are of 
sufficient size to permit of separation in a fairly pure state. Per- 

■' Ores of deep color have been found recently by Mr. Frank L Hess, 
of the F S. Geological Surrey, in the Henry Mountains, Utah. 

>5 The gray mineral accompanying metaheu ettite occurs in firm granules 
consisting of aggregates of very minute doubly refracting particles which 
cannot be isolated for microscopic study The refractive indices of aggre- 
gates from various portions ,if the ore varied between I .SO and 164. appar- 
ently indicating differences in composition. Some larger lath-shaped particles 
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haps the greenish tints of some of the Paradox ore specimens are 
caused by this or another related silicate, like the roscoelite from 
Placerville, Colorado." 

The second characteristic mineral is selenium, in amount up to 
one per cent, of the ore from Thompson's. It seems to be included 
as specks in the gray silicate. It is entirely absent from the speci- 
mens of Paradox ore first obtained, but is present in ore from the 
Henry iMountains, Utah, and in some small specimens seen recently 
that were said to come from Paradox Valley. The presence of sele- 
nium can be detected by heating the ore in a glass tube closed at 
one end, when a red sublimate ( sometimes accompanied by a white one 
of selenium dioxide! appears when most of the water has escaped. 
The fact that the free element appears as a sublimate does not by 
itself prove the existence of the selenium in the free state in the ore, 
for there was enough organic matter present, in a state invisible to 
the eye. to reduce an oxygenated compound of selenium if present. 
But the weight of evidence points to its presence in the elemental 
state and not as a selenide or oxygenated compound.- Xo connection 
was observed between the presence of the SL-lcnium and the bright 
red color of some specimens of the ore. The differences in shades 
of red are attributed to differences in physical condition of the 
metahewettite and to the efi'cct of associated minerals. 

were observed, possibly pseiiiloniorpln, contaiiiiti.s* abundant dark inclusions 
of more or less pn^lnatlc sli.ipe arr.inged parallel to the laths. These laths 
arc aggregates, but portions of them seem to have a definite orientation with 
respect to the outhnc.s. extingui.shing parallel and hating V parallel to tlieir 
lengths. The inclusions were seleninin and bituminous matter. This gray 
material is probably not reisci'eliie. For purpose of comparison a study was 
made of the properties of the roscoehtc from Placerville. Ualifornia. prob- 
ably identic.tl with that previously analyzed by Hillebrand (.iin. J. Sn.. 7, 
351, Hull. U. S. Geol Survey. No. 167. p 70. moo). 

Optical I'ru^'crtics of roscocUtc . Cedor. deep green with almost metallic 
luster. 2E variable between 60° and 75'’ or more. Optical character — . 
y = 1.680-1.68.=;, |3 = I 675-1 680. 

" Hillebrand and Ransome. Am. J. Soi., 10, 120, iiioo. Bull. U. S Gcol. 
Survey, No. 262, p. iS, 1005. 

® The mineral presents deep red transparent prisms, up to 005 mm. long, 
showing parallel extinction. This characterization fits one of the known 
forms of selenium. Suhlimatiem tests on a few specks indicated free sele- 
nium. It seems to he insoluble in carhiui bisulphide. So far as known this 
is the first established occurrence of elemental selenium in nature. 
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Nearly all of our ore specimens from Paradox Valley, Thompson’s 
and the Henry [Mountains were free from uranium minerals, but the 
complexity of the metahewettite ores under special conditions is well 
illustrated by a very small specimen from Paradox. In addition to 
constituents indistinguishable to the eye, this showed in juxtaposition 
and much commingled, metahewettite, carnotite, a brownish material 
rich in uranium and resembling some forms of ferric phosphate, and 
jet black, lustrous bituminous or coaly matter. This last, if uranif- 
erous, is perhaps the unnamed mixture of which a preliminary notice 
by Karl Kithil appeared in Science, ^S, 625, 1913. 

Fortunately several small lumps of very pure material from 
Thompson’s were found. This material gave only a very faint re- 
action for selenium and was otherwise almost free from contamina- 
tion. Upon it analysis II. is based. 

[Metahewettite crystallizing with 9 molecules of water occurs in 
two typical habits with intermediate forms. The purest material 
from Thompson’s is a feebly lustrous, loose, earthy powder; that 
from Paradox \'alley appears chiefly in compact aggregates of sep- 
arable, shining blades, though the earthy variety also is found here. 
Both are deep red, but on account of the larger size of its bright re- 
flecting surfaces the bladed variety appears lighter colored. When 
powdered the bladed variety is claret brown, the earthy variety is 
dark maroon. The color of the ores containing the mineral varies 
greatly because of admixed minerals; furthermore, variation of the 
water content of the mineral produces changes in color (see p. 46). 

[Microscopically the earthy variety consists of minute sharply 
bounded tables about .04 mm. long, piled in subparallel groups. The 
outlines and optical properties indicate orthorhombic symmetry. 
The compact variety consists of plates like those in the earthy variety, 
closely joined in parallel or radiating, more fibrous aggregates. The 
optical properties are more easily determined on these large aggre- 
gates. Pleochroism is strong in groups seen edgewise, but is scarcely 
noticeable in the plane of the tables, a is light orange-yellow, (3 
deep red, 7 deeper red. Two optic axes barely come into the field of 
a No. 12 objective over a condenser immersed in oil. 2E thus meas- 
ured is about 135°- The plane of the optic a.xes is parallel to the 
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elongation. The refractive indices a and /i were determined with 
difficulty, a was obtained from groups of crystals seen edgewise ; 
^ is so high that it could barely be matched without heating by im- 
mersion in a mixture of tin iodide, methylene iodide and the com- 
pound of arsenic sulphide and methylene iodide, y could not be 
obtained except after expelling water from the mineral by heat. 


r 



Fig. I. Optica! orientation of metaliewettite. 

For Li-light a~ 1.70, /3 = 2.io and 2V (calculated')— 52°. a is the 
acute bisectrix. No measurable differences between the optical prop- 
erties of specimens from dilferent localities were found. Fig. i 
shows the optical and crystallographic relations. The axial ratio 
a: b=.54: i. 

The density of the mineral containing 9 molecules of water — • 
determined in xylol — is 2.51 1; after the loss of 6 molecules of 
water it is 2.942. The loss of this water is not accompanied by any 
perceptible breaking down of crystal structure. The same fact was 
observed with hewettite. Like hewettite, metaliewettite melts 
readily and is slightly soluble in water. The solubility, slight as it 
is, affords a means, by the use of much boiling water, of separating 
from metahewettite the associated minerals mentioned on pages 34 
and 35. 

Differing strikingly in external aspect from the ores described 
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above is a single specimen from Paradox \'alley, shown us bv i\Ir. 
Frank L. Hess, of the U. S. Geological Survey. This consists of a 
single bundle of interwoven fibers implanted on a layer of crystal- 
lized gypsum. This specimen, on account of its markedly fibrous 
structure, bears a closer resemblance to the best of the hewettite 
from Peru than does the mineral described above. Indeed, optical 
evidence shows that it is hewettite. 

Analyses of Hewettite and IMErAHEWETiTTE. and Their 

Discussion*. 

Long after the fir.-t analysis of hewettite was made, it was found 
that both it and metahewettite are extremely sensitive to atmos- 
pheric changes in humidity, especially within a certain narrow range. 
It was therefore essential that they be brough.t always to the same 
definite state of saturation with respect to water,® It was found by 
experiment that this condition could be satisfactorily attained by 
exposing the mineral powder at a definite temperature over sulphuric 
acid of vapor tension near that of pure water until equilibrium was 
established. The strength of acid over which the mineral was placed 

'’Failure to ob-crie this prccautii'n may k-ad to serious error in cstab- 
lishin.^ a probable formula for minerals with \ariable water content. For 
instance, if. as with hewettite and metahewettite. the mineral is analyzed in 
air-dry condition when the air hunrdity is hieii, a very different result will 
he obtained than when the air is dry The variations in moisture content of 
these minerals when left exposed to the air may vary S or o per cent, between 
September and December in Wa-hinpton. This is not efflorescence as usually 
understood, for although the reaction rever.^es itself with return of humidity 
the loss of water is not accompanied by breaking down of the crystal structure. 

Calcio-carnotite from Colorado fthe tyuyamayunite f ?) of Xcnadkcvich) 
and probably also the original carnotite fessentialU' the potassium salt) show 
similar wide differences in water content at different seasons of the year. 
This may be and probably is true also of other minerals. If so. an explana- 
tion is afforded of some of the conflicting statements of different analysts 
in regard to the water content of certain minerals. 

It is. further, important to make a series of exposures over sulphuric 
acid of increasing concentrations, up to the maximum, at a fixed temperature, 
and then to carry out tests at rajiidly increasing temperatures, in order to 
detect, by the losses at each step, the number of hydrates that may exist, and 
also, if possible, what proportion of the water may be differentiated from 
water of crystallization or of absorption. The curtes resulting from sucb 
tests with these minerals are shown in Fig 2. 
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preparatory to analysis was chosen after a preliminary trial had 
shown about the range of liighest vapor pressure over which little 
change in water content took place. Sulphuric acid of sp. g. about 
1. 105 ( 15V) was found to give the desired vapor pressure, about 
nine tenths that of saturation.’" Two different temperatures were 
employed for establishing equilibrium over this acid in a thermostat, 
namely, 25“ in winter and 35' in summer (temperatures most easily 
maintained) . 

At 25" the water-vapor tension of this acid is about 21.8 mm. or 
2 mm. less than that of pure water at the same temperature, and 
38. 8 mm. at 35c or about 3.5 mm. less than that of pure water. 
Upon material thus brought to a definite water content the analyses 
were made. One portion was used for studying the course of dehy- 
dration, first by exposing the mineral at 25^ (or 35^1 until equi- 
librium was readied, successively over sulphuric acid of concentra- 
tions that corresponded to lowering of the vapor tension by tenths 
approximately and finally over phosphorus pentoxide.*^ With the 

’"Tile tables nf .mke ami Bein were used in llii.s connection iZ anorg. 

CJicni.. .ly, 176. lod.s'l. 

’’The value of conchisii.ns deduciblc from such a series of fractiona- 
tions on mineral.s of the kind in qiicstic.n dopemls on careful observance of 
certain precautions Tn the first place, the mistake must not be made, a.s in 
the prc'cnt case, of usine different temperatures for the initial saturation. 
It was not expected that our tests would extend from winter into summer, 
as they did at intervals, thus neccs^it.ltin ;2 the use of two temperatures. Of 
course, the \apor tension ..f an acid of eiven stren.clh is markedly greater 
at 3,s‘’ than at 2.s°. The initial water content of the mineral may therefore 
differ and the results of tests .started at the two temperatures not be .strictly 
comparable For. althoiigh the mineral is under a greater water vapor ten- 
sion of the acid at th.in at 2,s° and mi.ght therefore perhaps take up more 
water than at the lower temperature, it is jirobable that the higher tempera- 
ture will have its clTcct on the mineral also but in a quite indeterminate 
degree (see Fig. 2 and p 44 of text, for an instructive illustration of one 
effect of temperature differences, as shown by curves I. and II ) In the 
second place, at the conclusion of any one test of a series the mineral must 
not be allowed tn coo! in the desiccator after removal of the latter from 
the thermostat, but must be taken nut of it at emee and inserted quickly into 
a capped weighing vessel before it has time to cool, for if allowed to cool 
before remoral the final condition will approach that of room temperature 
and not be that of the experiment. Moisture may be condensed on the min- 
eral and its containing wssel and the former may perhaps retibsorb water in 
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lower vapor pressures a vacuum was employed. The loss observed 
at the end of the last exposure was practically identical with that 
occasioned bv a temperature of 100° for a few hours in dry air. 
Then the fractionation was continued at temperatures above 100°. 
The results of some of these tests will be given later (pp. 44-45). 

The following table of analyses does not show all the determina- 
tions that were made. In fact, the first complete analysis of hewet- 
tite is omitted, because it was made before the need for bringing the 
mineral to a definite saturation as to water content was realized. 
That analysis confirmed, however, in all other essentials than water, 
the data contained in analysis I. below. 


Ax-A.LysEs OF Hewettite .\nd Wet.^hewettite. 


Hewettite,^2 Peru, in Equilibrium 

with Water- 

Matahewettite, Utah, in Equilibrium with 

vapor Tension of 21 S mm at 25®. 

vapor Tension of 38.8 mm. at 33'^, 


I. 

n. 

VA 

. . . 68 19 

70.01 

V.O4 

I. 2 I 


v'oj 


•35 

M003 

1 56 

•13 

CaO 

CO 

rO 

7-25 7-25 

MgO 

. . . none 

•03 

K,0 

. . . none 

.09 

Na.O 

.15 

.08 

H.O (total! 

• • • 21 33 

21 30 (mean of 
21.31 and : 

Fe.Oc, etc 

.11 

.19 

SiO, 

1 

80 

Insol 

,17 ,[ 


100 10 

100.23 


Trace Li in I , none in II. .A. very little Cl in I. and II. Trace P.Oj 
and Se in II. No Ba or Sr found in either. V^O, and V,03 assumed, their 
amounts measured by consumption of permanganate when the mineral was 
dissolved in dilute sulphuric acid (see discussion of molecular ratios, p. 41). 

addition to that condensed on its surface In the third place, in cases when a 
vacuum is employed this should be relieved by air bubbling through acid of 
the same strength and temperature as that in the desiccator, if possible while 
the latter is still in the thermostat. 

An earlier analysis of more compact material from Peru, devoid of 
crystalline appearance, gave the following results : 
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^loLEcuLAR Ratios. 

In calculating molecular ratios for the minerals one is con- 
fronted with difficulties arising from the presence of vanadium of 
lower valence than 5, of molybdenum, and of small amounts of con- 
stituents other than calcium. These different problems will be taken 
up in order. 

Vanadium . — In hewettite the presence of vanadium in the quad- 
rivalent state may be regarded as probable in view of its existence 
in many of the specimens representing much less complete oxida- 
tion of patronite. In these cases it may be assumed with consider- 
able probability that there exist vanadyl-vanadic oxides or salts, since 
artificial compounds of the kind are known. If a compound of this 
nature exists in hewettite, it demands a portion of the V^Oj, and, if 
hydrated, a considerable percentage of water. 

In metahewettite, however, there is great reason to believe that 
the vanadium of lower valence is trivalent. That it exists as a con- 
stituent of a silicate containing also aluminum and potassium was 
pointed out on p, 34, It will be so regarded. This stand is taken 
with full knowledge that a characteristic black ore from Paradox 
contains much of its vanadium in the quadrivalent state, as men- 
tioned in our preliminary paper. 

Molybdenum . — The presence of molybdenum hampers some- 

l.j I'ci Mol Ratio, 


\'j05 66 8 4.79 

V, 0 . 7 

MoOj e.8 .26 

CaO 4.3 1 00 

HjO (100° — ■) 139 1003 

H, 0 (ioo°-f) 6.9 4.97 

Fe, 0 .„ etc 3-3 

SlO:; 1.2 

99 9 


This analysis is gi\en cltiefly to show how deceptive the evidence afforded 
by sliarp molecular ratios may be. for microscopical examination showed the 
material to be very far from pure. It also serves to show what different 
compositions similar appearing materials may have. 

Jour. Washington Acad. Set., 3, 158, 1913. 
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what the drawing of conclusions as to the formulas assignable to 
the vanadates, since we know nothing positive as to its chemical con- 
dition and whether foreign to the vanadate molecule or a part of it, 
nor, if foreign what part if any of the water is to be assigned to it. 
So much may, however, be affirmed with positiveness from careful 
microscopical examination, that the sample of hewettite analyzed 
represents essentially a single homogeneous mineral and not a 
mechanical mixture of different minerals. This belief is supported 
by the behavior of the mineral when it is gradually brought into 
complete solution by successive treatments with much hot water, 
for the solution of the molybdenum keeps pace with that of the 
vanadium. The molybdenum may perhaps best be considered as 
forming calcium molybdate which is held in solid solution. This 
assumption has been made because it seems called for by the vary- 
ing proportions of molybdenum in different specimens and by the 
difficulty of deducing a probable formula under any other assumption. 

Other Constituents . — The absence of any acidic constituent in 
hewettite to offset the sodium forces us to group tliis with the 
calcium as part of the vanadate molecule, unless perchance there be 
an admixture of a vanadyl-vanadate f see p. 41). In metahewettite 
the potassium may be referred with a high degree of probabilitv to 
the silicate of which mention has been made. This silicate requires 
a small part of the water. There is no evidence of such a silicate in 
the Peruvian mineral. The sodium and magnesium of metaliewet- 
tite are not accounted for, but in part at least mav belong to the 
silicate mentioned or to another, except in so far as the chlorine 
present in small amount may claim some of the sodium ("also in 
hewettite). The amounts reported for sodium may be subject to 
considerable error in both analyses, and if in error are too high. 
The iron oxide is no doubt admixed. 

After deducting IMoO., and its equivalent of CaO and neglecting 
V0O4, VoO. and all other minor constituents except Xa.O in I., the 
molecular ratios deducible with employment of the 1913 atomic 
weights are : 


CaO 

H,0 


3.06 

I 00 

9.61 


II. 

3 00 
I 00 
9 20 
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The value for in I. becomes 3.00 if enough is deducted to 

form an equi-molecular compound with the V^O^. 

Before discussing the formulas of the minerals we must present 
a number of considerations bearing on their specific differentiation, 
in the course of which certain experimental data essential to a 
proper understanding of the subject will be given. 

Evidexces of Specific Distixctiox of Hewettite and 
IMetaiiewettite. 

The evidence which impels us to give different names to the 
Peruvian and North American minerals, in spite of the fact that 
they seem to have the same empirical formula, will now be set forth. 

Optical and Crystalloyrapliic Diffcrotccs . — -IMetahewettite is 


j 



Fig. 2. Showing the course of dehydration of hewettite and metahewet' 
tite over sulphuric acid of different concentrations at room temperatures, and 
of metahewettite at temperatures above 100°. 
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darker red than hetvettite and has two directions of strong absorp- 
tion for light, while hewettite has only one. Aletahewettite crystal- 
lizes in well-defined tabular forms or broad blades, hewettite in 
slender blades. 

Loss of Water at Room Temperature . — There is a real difference 
in the behavior of the two minerals during progressive dehydration 
over sulphuric acid. Reference to Fig. 2 (curve III.) shows that at 
35° metahewettite loses 10.65 per cent, of water in one drop from 
17 mm. to 12.7 mm. vapor tension, nearly as much as hewettite loses 
in the two stages from 17 mm. to 7.4 mm. f curve II.). The points 
of observation shown in the several curves of the figure in almost 
all instances represent 24-hour exposures and are approximately 
equilibrium points. It was une.xpectedly found that equilibrium at 
these points was practically attained in one day, for even after sev- 
eral days’ exposure the losses in weight were seldom appreciably 
greater than after one day. This fact seems to support the argument 
that the curves indicate a real difference between the two minerals.’* 
The curves shown are as a rule quite closely reproducible with dif- 
ferent samples of mineral. 

The very important effect of varying temperature at a fixed 
vapor tension of water in the desiccator is strikingly brought out by 
comparing curves I. and II. for hewettite. It is seen, for instance, 
that at 35° and 12.7 mm. vapor pressure the mineral loses nearly 
8 per cent, of water against a little over half of i per cent, at 25° and 
the same pressure. Again, curve I. shows an equilibrium point at 
6.05 per cent, water, curve II. at 7.85 per cent. To the question of 
why the two points do not appear in the same horizontal line if we 
are dealing with water of crystallization, two answers suggest them- 
selves: Either (i) an intermediate hydrate which forms at 25° may 
not have appeared at 35° or, (2) the concentrations of acid used 

The Iinc.s connecting points of observation in the figure do not signify 
that the rate of loss was uniform for each unit-lowering of vapor pressure 
for the interval between two points. The actual loss for each interval would 
probably be more correctly expressed by a vertical line corresponding to some 
vapor pressure intermediate between those of the actual points of observation. 
Just where this line should fall might be determined by making observations 
with acids of smaller \ariation of vapor pressures and allowing more time 
for the attainment of equilibrium 
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were not sufficiently close together to indicate all the hydrates 
formed. 

Loss of Jl'atcr U'/uvi Heated Above lOO". — Other differences be- 
come apparent when the minerals are heated up to the point of los- 
ing the last molecule of water. The experiments showing this were 
made at the geophysical laboratory, the heating being done in an oil 
or a nitrate bath, both in an open tube and in tubes which were 
evacuated from time to time, and the loss determined by weighing 
the tubes. 

iMetahewettite, after losing 13.8 per cent, (six molecules) of 
water over strong sulphuric acid, was first heated gradually from 
100° up to 350° during one hour with weighings at frequent inter- 
vals. Water was expelled abundantly at three stages near the tem- 
peratures 185°, 275°, and 340’. The loss at each stage as determined 
by these weighings and by repeating the heatings and weighings on 
another sample at favorable temperatures, was found to correspond 
to about 2.3 per cent., or one molecule of water at each stage^® (see 
Fig. 2, lower portion). The sizes of the circles represent the loss of 
water at each heating divided by the time of the heating. This is 
the rate of loss of the water. 

Hewettite, on the other hand, exhibits only one well-marked loss 
in weight when heated rapidly. Near 250° a loss corresponding to 
two molecules of water was observed. Near 300° and 350° there 
are evidences of increased rate of loss if the temperature is increased 
rapidly in 30 minutes. These losses correspond to one-half molecule 
each. These data are not shown in the figures. 

’"’This method of rapid heating and frequent weighings affords surer 
indications of the existence of water in different stoichiometrical proportions 
than that of holding the mineral in dry air for a long time at successively 
increasing temperatures. By either method a rate of dehydration, not a con- 
dition of equihbriura, is measured. Fi.g. 2 shows two distinct breaks in the 
rate of water loss for metahewettite when it is heated rapidly as described 
in the text. The curves plotted for 5-hour periods of heating in a dry-air 
current (not shown in the figure) are without distinct breaks. 

The temperatures at which water escapes most rapidly bear little relation 
to those employed in slow heating. Long heating results in a higher loss at 
a given temperature, and in complete dehydration at a much lower tempera- 
ture, than very rapid heating. 



46 


HILLEBRAXD, MERWIX AXD WRIGHT. 


[Apn! 


Change of Color Due to Heating. — Metahewettite, dark maroon 
in color at first, becomes progressively darker red till the last mole- 
cule of water begins to escape, then the color becomes gradually 
lighter and finally yellow-brown. Concurrent with the last change 
is a breaking up of each crystal into a crystalline aggregate which 
retains the form of the original crystal. 

Hewettite also darkens when water is lost. At the start, with 
nine molecules of water, it is mahogany red. The hydrate with 
three molecules is between carob-brown and liver-brown, the com- 
pound with one molecule chestnut-brown, and the anhydrous pow- 
der medal-bronze. Xo breaking down of structure was observed 
till the last molecule of water was lost. 

Changes in Weight and Color after Dehydration. — The powders 
of both minerals were e.xposed after complete dehydration to sulphuric 
acid of sp. g. 1. 10. IMetahewettite from Utah, after dehydration by 
heating in air. regained its original weight and color in a few days, 
but after treatment under greatly reduced pressure the color was not 
restored, even after moistening, altlujugh the observed loss of weight 
had been the same in both cases. Hewettite. on the other hand, 
after heating to only 270’ and while it still retained one molecule 
of water, neither regained its original color nor quite its original 
weight when placed in moist air. In one experiment, after heating 
to 350° and losing 20.75 per cent, in weight, it regained 19 per 
cent., but on again fractionating over the acids first userl the rate of 
loss and the amount lost at each step were markedly dift'erent from 
those noted in the first fractionation. 

Pkobabi.e FoRJirLA. 

^Manifestly the empirical formula indicated for mctalicwettite 
nearly saturated with water at 35° is CaO, oH.O. W’iiat it 

may have been when the minerals were originallv deposited can not 
at present he said, although from the curve for water content under 
varying hygrometric conditions at summer temperatures fFig, 2). 
which shows only very slight changes when the humiditv is high, 
it might be argued that the limit of hydration has been reached 
wdth nine molecules of water. The effect of low temperatures is. 
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however, unknown, and it may be that the original water content 
was higher. 

The same statements apply to hewettite, but here the excess of 
0.6 molecule of water above nine molecules seems to be real, since 
it is by no means accounted for by the fraction of one per cent, 
represented by tb.e nearly horizontal upper part of the curve, which 
fraction might be considered hygroscopic or absorbed water. It is 
conceivable that this excess is connected with molybdenum, but much 
more likelv that it has to do witit a vanadyl-vanadic compound as 
already suggested (p. 41). 

For the moment we will assume that the formula of both min- 
erals, when holding the maximum amount of water, is CaO. dAUOj, 
9Hdh. ()f what acid, then, are they salts? 

The ratio of CaO to ATO- shows that they cannot be salts of 
orthovaiiadic acid. Aloreover. the known ortliot’anadates are very 
few in number and exhibit little stability, but pass readily into hexa- 
vanadates. From the fact that si-x of the nine molecules of water are 
quickly reitiovable at ordinary temperatures in dry air and the 
others are much itiore firmly held, it might .seem justifiable to assume 
si.x molecules of water of crystallization and three of constitution. 
Such disposition of them necessitates derivation of the minerals, as 
quarter-saturated salts, from the hypothetical acid F[<V,.Oi„. an 
octobasic hcxavanadic acid, a possible derivative of orthovanadic 
acid. AA'e are confronted, however, with the fact that neither such 
an acid nor salts of it are known. Ilexavanadatcs, however, de- 
rived from the tctrabasic acid also a derivative of ortho- 

vanadic acid, have been described and they resemble in general the 
two minerals in question, so far as can be determined from the 
meager data available. 

Tctrabasic hexavanadic acid oflfers the possibility of two isomers 
of a salt of a bivalent metal. It seems then necessary to consider 
these minerals as acid salts of this acid, and the name metahewettite 
for one of them is not only justified but appropriate. If this refer- 
ence is proper, only one molecule of water of constitution is possible 

’'■■Xca all of the hygroscopic or absorbed water was necessarily removed 
in the first part of the dehydration over sulphuric acid. 



48 


HILLEBRAXD, MERWIX AXD WRIGHT. 


[April 25, 


and the other eight are water of crystallization. Against two of the 
eight being regarded as water of crystallization might be advanced 
the difficulty of removing the seventh and eighth molecules, but this 
can not be considered a weighty argument. Xeither can the fact 
that the water content is so markedly affected by outside humidity 
and is susceptible of repeated removal and restoration be brought 
as a conclusive argument against the assumption of water of crystal- 
lization, for it must be remembered that loss of water is not accom- 
panied by rupture of the crystalline structure, as is usuallv the case 
with true hydrates. On the other hand, in favor of water of crys- 
tallization. as opposed to water of absorption, must be placed the 
breaks in the curves of dehydration observed when the minerals are 
rapidly heated above 100°, and the fact that the content of water at 
a fixed atmospheric temperature does not bear a continuous relation 
to the outside humidity. 

On the whole we are disposed to adopt the view that eight of the 
nine molecules represent water of crystallization and to report the 
formulas of both minerals as examined by us to be CaHaVgOu- 
8 HaO. Under natural conditions mixtures of this and another salt 
of much lower h3’dration may and do often occur. 

Inspection of the formulas of the artificial alkali and alkaline- 
earth hexavanadates throws no light on this problem, since the range 
in number of molecules of water is very wide for the normal alkali 
salts and the number is reported as 14 for the normal barium salt 
and 9.5 for the normal magnesium salt. Acid salts of bivalent metals 
do not seem to have been prepared, unless Ditte's calcium “ trivana- 
date” Ca0,3V„0-,i2H20, is such a salt, perhaps identical with one 
of the minerals described by us. Its description, however, does not 
fit our minerals, since it is reported as very soluble in water and as 
having the luster of gold. The evidence of the salts mentioned 
points, however, to the possibility that hewettite and metahewettite 
may have held more than nine molecules of water when formed, 
unless the fact that onlj" slight changes occur in their water content 
with high atmospheric humiditj’ at summer temperatures negatives 
such a possibility. 

Under the name alaite K. A. Xenadkevich has given a ver\' brief 
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description’^' of a dark red, silky, soft and dense, moss-like mineral 
to which he assigned the formula The description fits 

hewettite very well in the main and it will be of interest to learn if 
on further study alaite may not prove to be a calcium vanadate re- 
lated to, if not identical with, hewettite or metahewetiite. Alaite is 
one of a number of vanadium and uranium minerals occurring in 
the Province of Ferghana, Russian Turkestan. 


Pascoite. 

Xot observed in the surface deposit at Minasragra, Peru, but 
formed on the walls of an exploratory tunnel since its excavation, is 
a mineral representing a further stage of neutralization by calcium 
than is shown in hewettite. The specimens examined were among 
those brought from Peru by Mr. Hewett and the analysis given below 
was made several years ago in the laboratory of the U. S. Geological 
Survey. The name proposed, pascoite, is from Pasco, the province 
in which the locality of occurrence lies. 

Crystallographically, this mineral is unsati.sfactory, since it occurs 
only in minute grains and clusters of grains, arranged in a way indic- 
ative of a crustaceous deposit — as though they were secondary in 
origin and had been precipated as a crust about pree.xisting masses. 
Xo well-developed crystals suitable for goniometric measurement 
were observed, and only here and there in the crystalline aggregates 
were minute crystal faces seen. Xo distinct cleavage was noted, al- 
though occasionally indications of an imperfect pinacoidal cleavage 
were observed in grains under tlie microscope. The fracture is con- 
choidal. In color this mineral ranges from dark red-orange to yellow- 
orange ; the more homogeneous ma.sscs being uniformly red-orange 
throughout. In thin flakes it is translucent and the dearer individ- 
uals are vitreous to subadamantine in luster, especially on fiat crystal 
faces which glisten here and there in the aggregate. The streak is 
cadmium-yellow and the hardness about a. 5. T'he specific gravity 
is about 2.457, determined in methylene iodide and benezene, on the 
dearest and most homogeneous material. This value may be slightly 
low because a crystalline aggregate, instead of a single crystal, was 

Bull. Acad. Sci. St. Petersburg, p. 185, 1909. 

PROC. .l.MER. PHtL, SOC., LlII,, 2I3, D, PRl.N'TEP JUNE 18, IQl^. 
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used, and minute air spaces therefore may have been present between 
the grains. 

In the powder form the grains are usually irregular in shape and 
colored more or less intensely in shades of orange, red. an.J. yellow. 
Pleochroism is noticeable ; a = light cadmium-} ellow ; /I — cadmium 
vellow; -/ — orange. Absorption -/>/i>a. The refractive indices 
were determined by the immersion method; mixtures of methylene 
iodide, arsenic tribromide and arsenic sulphide ( realgar') being used 
for the purpose. Owing to the color of the mineral, however, the 
phenomena on which the refractive index determinations by this 
method rest were less sharply marked than usual, and the probable 
error is correspondingly larger. 

Cl — 1 .yy ^ “ . 00 ^ 

/?= 1.815 = .005 

7= 1.825 = -005 

The birefringence is strong and gives rise to high interference cohms, 
even in comparatively thin grains. By direct determination, y — a 
was found roughly to be about .050. The optic axial angle was 
measured by the double screw micrometer ocular’’ on sections show- 
ing only one axial l)ar and also on a section normal to the acute bi- 
sectrix. For sodium light 2\’ was found to be 50°. 5 ±1° or 2E 
is about 100°; for lithium red light 2V is about 56° A: 3°, or 2E. 
about 115°. The determination in lithium light was much less satis- 
factory and accurate than that in sodium light. The dispersion of 
the optic axes is very considerable with 2 Vi.,>2\'n:i and its effect i- 
clearly marked in the interference figure. The appearance of the 
interference figure shows, moreover, remarkably strong crossed dis- 
persion — so strong in fact that in white light a section normal to 
the acute bisectrix never extinguishes completel}-, but near the 
position of extinction for light of any wave-length --hows abnormal 
interference colors in characteristic tones, especiallv of green and 
orange. On a section nearly normal to the acute bisectrix the posi- 
tion of total extinction for sodium light made an angle of about S’’ 
with that for lithium light. This angle, 71.1:7x11 = 8°, is only ap- 
J . Sci ., 2/. 317-3O1;, 1007 
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proximaietly correct, and may be several degrees in error, owing to 
the weakness of the lithium liglit source used, and consequent lack of 
sharpness of position of total extinction. 

The above optical data indicate that this mineral is in all proba- 
bility monoclinic in crystal system, with its optic axial plane normal 
to the plane of symmetry. To summarize, the determinative optical 
characteristics of this mineral are: Crystal system, probablv mono- 
clinic: axial ratio, unknown: cleavage, poor and probably after oio. 

H, about 2.5 : sp. g.. about 2.46. Color, dark red-orange to yellow- 
orange : luster, vitreous to sub-adamantine. Pleochroism, notice- 
able, 7 = orange: /? = cadmium-yellow : a = light cadmium-vellow. 
Absorption. 7>/3>u. Refractive indices, u— 1.775 =4 .005 : P — 

I. 815— .005: 7= 1.825 zL .005. 

Eirefriiigciico is strong. 2\'x.,= 50".5 = i. 2Ex., about 100°. 

I., = 56^ zL 3°.: 2E i.i about 115'^. Dispersion, crossed and strong, 
Optical character — . Plane of optic axes normal to plane of 
symmetry. 

On the whole, the material is homogeneous and comparatively 
free from inclusions and suitable for chemical work. Mere and 
there foreign material was observed, but in the material selected for 
chemical analysis it was not present in sutticient (juantity to veil seti- 
ously the chemical relations. 

Pascoite melts readily, forming a deep red liquid, and is easily 
soluble in water. 

.V.V.M.VSTS OF PASCOtTE. 



Per Cent. 

Mo'. Rat, 

v.o, 

64 6 

3.18 

MoO, 

3 

__ 

Call 

126 

2 00 

H ,0 mo" — 

I3.S 

6 87 

PI.O 100'^ — 

yS 

388 

Undet. and loss 




100 0 



The ratios are not as satisfactory as could be desired. The values 
approach those required from the formula Cao\ ^Oi-- iin_,0. which 
calls for: ATO,, ^>3,76: Cab), 13.10: HoO, 23.14. A^ery recent tests 
show that almost no loss of water occurs at room temperatures until 
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the surrounding humidity is reduced practically to zero. When de- 
hydrated over the color is no longer orange but dirty yelkov. 

After rehydration in moist air the color is much brighter yellow, but 
without any trace of the original orange. 

As with hewettiteand metahewettite, the amount of water evolved 
at and below 100^ is almost exactly removable by exposure over 
strong sulphuric acid at room temperature for one or two months 
and much more rapidly in a vacuum. Above ioo“ further loss be- 
gins, but is complete only at a temperature of perhaps 300'. Xo 
experiments have been made as yet to trace the progress of dehvdra- 
tion at temperatures above 100'’. Further tests on this mineral are 
needed and will be made if opportunity offers. 

The arguments advanced (pp. 46-48) for hewettite and meta- 
hewettite with respect to their chemical claisification apply to pas- 
coite also. In this case, if the assumptions made for the former 
minerals are justified, we have normal calcium hexavanadate with 
.V molecules of water, at least 11 when the mineral was formed. 

AxAr.vTiCAL Procedure. 

The methods of analysis need no special mention except as to 
the separation and determination of the vanadium and molybdenum. 
As a rule the portions used for water determinations served also 
for the other constituents. They were treated in a glass tube, with 
dry hydrochloric acid gas, after solution in nitric acid and evapo- 
ration to dryness in a porcelain boat on a hot plate. The brown vapors 
were collected in receptacles containing a little water. Two of these 
in series were sufficient, but a tliird was sometimes Used, all so con- 
nected that no back suction of liquid was possible if the gas stream 
slackened. The materia! in the boat is attacked instantly the acid 
vapor reaches it, even without the aid of heat, but the reaction is 
not complete in one operation even when heat is applied after vigor- 
ous action ceases. It is necessary, usually, to remove the boat, to 
reconvert the contents to nitrates and to repeat the treatment with 
hydrochloric acid gas several times, and to wash out and dry the 
glass tube hetw een each operation. 

The molybdenum, less volatile than the vanadium, comes off only. 
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or at least for the most part, during the later periods and upon heat- 
ing. If present in sojue quantity it reveals itself by a white crystal- 
line deposit in front of the boat. 

The contents of the receptacles and of the tube were finally evapo- 
rated in porcelain with sulphuric acid, which was then heated till 
fumes arose. After dilution, the deep blue solution was transferred 
to a flask, saturated with hydrogen sulphide gas, and heated while 
the gas still passed. Th.e flask was then stoppered and allowed to 
stand, over night as a rule, before filtering. The molybdenum sul- 
phide was roasted to o.xide. 

The filtrate was brought to boiling in a flask while passing carbon- 
dioxide gas until hydrogen sulphide was wholly expelled, then titrated 
in the flask at yo'-So' with pcrnianganaie. The vanadium was 
again reduced, this time with sulphur-dioxide gas. which in turn was 
expelled by boiling in a current of carbon dioxide, and the vanadium 
was again titrated. If desired the operations of reductiem and titra- 
tion were repeated. The values obtained after successive repetitions 
of the reduction by sulphur dioxide agreed well but were always 
somewhat lower than after reduction by hydrogen sulphide. The 
(.liffercncc is no doubt due to the presence in the one ease of a little 
free sulphur from the hydrogen sulphide, which consumes perman- 
ganate at the high temperature of titration. If the molybdenum sul- 
phide has been filtered through paper instead of a Goocli crucible, 
permanganate is also consumed by organic extracts from the paper. 


SUMM.\RV. 

Two apparently difTcrent calcium vanadates are de.scribed, which 
resemble each other very closely and have the same composition — 
CaO-3\TO- -911.^0 — when holding their maximum water content at 
room temperatures. One of them — hewettite — occurs at IMinas- 
ragra, reru, and has been noticed on a single specimen from Para- 
dox \’alley, Colorado. The other — metahewettite — occurs at nu- 
merous localities in western Colorado and eastern Utah. Both min- 
erals are si)aringly soluble in water. 

A third calcium vanadate — pascoite ( 2CaO-3^ jU. • 1 1 .'H Ah') — 
is also descrflied. This occurs with hewettite at IMinasragra. It is 
very soluble in water. 
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The first and second minerals are regarded as hydrated acid 
hexavanadates — CaH,V60i--8H_.0 — the third as a norma! hexa- 
vanadate, Ca^A'^U,-- ii ?H,0. 

The reasons for specific separation of hewettite and metahewet- 
tite are set forth in detail. The two minerals are so sensitive to 
changes in atmospheric humidity that their water content varies 
within wide limits at dift’erent times of the year. The removal of all 
or nearly all the water does not result in breaking down of the 
crystal structure, and until this has occurred the water is wholly or 
in great part taken up again when opportunity is offered. 

The importance is emphasized of bringing all minerals that be- 
have in this way to a definite maximum water content before analyz- 
ing them and of following carefully the course of dehydration under 
prescribed conditions. Detailed directions are given for such tests 
and for avoiding several sources of error. 

Attention is also called to two fairly constant a.'^ociates of meta- 
hewettite. One of these ( also a constituent of caniotite ores ) is a 
gray hydrous silicate of aluminum, trivalent vanadium, ami potas- 
sium. The other is elemental selenium, the existence of which as a 
mineral species seems now for the first time established. 
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THE INFLUENCE OF ATMOSPHERIC PRESSURE UPON 
THE FORCED THERIvIAL CONVECTION FRO^I 
SMALL ELECTRICALLY HEATED 
PLATINUM WIRES. 

Bv A. E KEXXELLY axd H. S. SAXBORX. 

(Read April j; ir,i4A 
(!>njECT OF Exouirv. 

Thii paper describes the process aii'I results of a research made 
at Harvard I'niversity in lull, to determine the effect of change in 
atmospheric pressure on forced thermal convection from thin plati- 
num wires. By forced thermal convection is meant the carrying 
away of heat from the surface of a wire by wind-motion, f. c., by a 
rapid transverse movement of the wire through the surrounding air. 
This wind motion through the air dissipates the heat from the wire 
convectivcly. The rate of thermal convection depends upon the 
length and diameter of the wire, its stirface condition, the tem- 
perature elevation of the wire above the air. the velocity of the 
motion, and the pia^'ure (-if the air. The uhject of the enquiry was 
to determine the effect of the last-named vttriable — variation of 
atmoipheric [ires^ure — ujxm the thermal tlissipation, the other quanti- 
ties being kept constant. 

History of thf. Exofiky, 

The research here described was the outcome of an earlier inves- 
tigation on "The Convection of Heat from Small Copper Wires,” 
by hlessrs. E. Kennelly. C. .A. Wright and J. S. \"an r>ylevelt. 
presented at the Frontenac Convention of the American Institute of 
Electrical Engineers, June 28. TO09, and pnhli.shed at p. .qdj;, \'ol. 
XXATIL. part I., of the Transactions for thatyear. In that research, 
the forced convection of heat from a thin copper wire, electrically 
heated to a constant temperature, i. c.^ maintained at a constant 

5.5 
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electric resistance, was discovered to vary as the square root of the 
wind velocity, which was measured by the speed of the moving wire 
through otherwise tranquil air. In other words, it was discovered 
experimentally that in order to dissipate double the power from the 
wire, at constant resistance and temperature-elevation, it was neces- 
sary to quadruple the speed of the wire through the air. This rela- 
tion was found to hold, within observation errors, for several differ- 
ent sizes of thin copper wire, and for various temperature elevations, 
between wind-velocities of 2 and 20 meters per second. Below 2 
meters per second, the relation deviated towards the case of free 
convection from a hot wire at rest. That is, at low wind velocities, 
empirical corrections became necessary for the free convection which 
naturally occurs from a wire at rest, or moving at zero speed through 
the air. The possible application of the square-root law of wind 
cooling to anemometry was also pointed out. 

After the results were published in 1909. our attention wa« drawn 
to papers by Professor Boussinesq in the Coinf'ics Rcndus for 1901. 
Vol. 133. p. 257, and the Journal dc Mathcmatiqncs. 6th Series, Vol. 
I, 1905, in which is given the theory of the convection of heat bv a 
stream of liquid from the surface of a cylindrical rod, placed at 
right angles to the stream. The liquid is assumed to be incompres- 
sible and devoid of viscosity. The formula arrived at by Boussinesq. 
as given by Russell, is: 


//= 86 ' 


jsa-A-ra 


where H is the heat carried off convectively per second from unit 
length of cylinder. 

j is the specific heat of the liquid. 

<T is the density of the lifiuid. 
k the thermal conductivity of the liquid. 

F is the velocity of the liquid. 
a the radius of the c\linder, 

0 the temjjerature elevation of the cylinder. 

This means that the linear forced convection, or ergs per second per 
cm. of the cylinder, is jiroportional to its temperature-elevation above 
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the liquid, and to the square root of the specific heat, the thermal 
conductivity, the wind velocity, the fluid density and the wire radius. 

Dr. Alexander Russell communicated an important paper on the 
theory of the subject to the Physical Society of London in July 
1910,’- developing and extending Boussinesq’s formula. 

Professor J. T. iMorris has recently successfully applied the 
square-root law of forced-convection velocity to the measurement 
of wind-velocities, using an ingenious form of Wheatstone bridge 
for this purpose. Plis observations were communicated to Section 
G of the British Association in 1912- and also to Engineering in 
1913. His results have confirmed the application of the law for 
wires of various metals up to diameters of 0.3 mm. 

The papers and deductions of Boussinesq were not known to us 
at the time we presented our former paper in 1909: but since the 
square-root law of velocity arrived at theoretically by Boussinesq in 
1901-1905. for an incompressible non-viscous liquid, has been found 
to hold within errors of observation for ordinary air, it became 
desirable to ascertain whether the linear forced convection of air 
varied as the square root of the air pressure, as suggested by Bous- 
sinesq’s formula. 

Method of }ilF..\suRE>rEXT Employed. 

The method followed and the apparatus used were respectively 
the same as those described in the A. I. E. E. paper of 1909. above 
referred to. A short length of the thin wire to be tested was held 
in a^ fork, and was driven by an electric motor at successivelv varied 
speeds in a large steel tank, the atmospheric pressure within which 
was kept constant in each series of tests; but was different in differ- 
ent series. 

Test Wire. 

The wire used in all of the tests here described was of good com- 
mercial platinum, Xo, 36 B. & S. gauge, with a mean diameter of 

^ Proc. Physical Society, 1010, Vol. XXII.. also Phil. Mag., October, 1910. 

-Prof. I. T. Morris, "The Electrical Measurement of Wind Velocity.” 
The FJectri dan, Oct. 4, loi’, pp. 1056-1059. 

® J. T. Ylnrris, “ Distribution of Wind Velocity about a Circular Rod,” 
Engineering. Vol. 96, pp. 178-181, Aug 8, 1913. 
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0.114 mm. 10.0045 inch). In the tests of 1909. copper wires were 
used. The advantage of copper is that its resistivity temperature- 
coefficient is relatively large, and is fairly reliable. On the other 
hand, hot copper wires oxidize superficially when driven through 
the air, and are therefore subject to variation in convective dissipa- 
tion, owing to this change of surface condition. As the test-wire in 
the new measurements had to be driven inside a steel tank, with 
only occasional inspections, it was decided to employ platinum, in- 
stead of copper: although the resistivity temperature-coefficient of the 
platinum was but little more than half that of copper : so that the 
resistance of such a platinum wire is not so sensitive to changes of 
temperature as a copper wire. Consequently, greater care was 
needed in the electrical measurements of resistance in the platinum 
test-wire, in order to determine the temperature elevation. 

A measurement of the temperature-coefficient of resistivity of 
the platinum wire used was made by immersing 5.5 meters of it on 
a reel in an oil-bath, and measuring the resistance at twelve different 
temperatures between o"-' C. and 100’ C. As shown in Fig. 6, the 
results obtained lie clo^e to the strai.ght line : 

— f>„( I -F 0.002575/) absohm-cm (i) 

where pt is the resistivity at C C. (absohm-cm. ) . and p„ is the 
resistivity at 0° C. (absohm-cm.). 

«, The particulars concerning the test wire are given in the accorn- 
pan_\ing Table: 

T.5BLE I. 

Tlj-t-Wiki; Dimexsioxs axd Dat.\. 

Linear LitPMt K'.'- Re-.i^rt\ity I f inp (.-etT. 

at o C . at o ity 

;in t m. aK'"hrn'Cm a!".< .Inii-i m <*'- C 

15x10-3 laSxiG^ 1.306 xio‘ 0.002575 


Mean 
T iiameter. 


Incfi. 


( f. 1 

l.oMal .\'ca ''Uif.ii 

S'l ‘ 111. "1. I in ■ m 


O.II4 0.0045 1. 02X10“' OO35S 2.4 


'ri..m'-\\'i i< K I [or.nicR. 

The test-wire was held in a fork or frame, mounted on the shaft 
of the driving motor. The fork is indicated in Fig. i. It is counter- 
poised by the sliding wei.ght /. The test-wire is shown at b, held 
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straight and fairly tight, by the elasticity of the brass strip prongs 
aa', aided by the tension-screws yg^. Current is steadily supplied 
to the test-wire through slip-rings cc’, on which rest stationary cop- 
per gauze brushes of square cross-section 0.64 cm. ( inch’) on each 




f ;■ 

!.J 

I 

'' I 

Fig. 2 Details of Fork. 
Dimensions in Centimeters. 


edge. The details of the fork dimensions are shown in Fig. 2. At 
two points along the test-wire 32 cm. apart, pressure wires are 
soldered to the test-wire. These pressure wires are of platinum, of 
the same size as the test-wire. They connect with insulated copper 
wires fastened to the sides of the fork, and terminate in the slip- 
rings dd' carried by the motor shaft, on which rest two pairs of 
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Stationary gauze brushes. The electrical connections are as shou n 
in Fig. 3. The source of e.m.f. was a storage battery. The regulat- 
ing resistance RR was so adjusted that the ratio of the p.d. between 
pressure-wires, to the current strength, was equal to a predetermined 
resistance. That is. the current in the test-wire was graJuall}' in- 
creased until the ratio of the reading of the -s-oltmeter F to that of 
the ammeter A, was found, by slide-rule, to give the correct resist- 
ance sought to be maintained in the test-wire at all wind speeds. 

■ ■< ^Ocm. ->■ 


■<r 3Zcrn. 



As the driving speed increased, the current supplied to the wire had 
to be increased, in order to maintain this ratio A. When, on the 
contrary, the driving motor was i)rought to rest, the current in the 
test-wire had to be reduced to a relatively small value, in order to 
reproduce the ratio. 

The fork was mounted on the shaft of a F'-TIP. ri5-vult direct- 
current shunt motor, arranged to run at adjustable speeds. The 
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wind speed of the test wire in cm. per sec. was taken as 27 r X cm. 
fork radius >f speed of motor in r.p.s. At the other end of the 
motor-shaft was coupled a small magneto-generator for indicating, 
by its e.m.f., the speed of rotation. The fork-motor-magneto 
mechanism is illustrated in Fig. 4. supported on a wooden frame 
intended to be held in place inside the pressure tank, which is shown 
with the manhole open. 



Fig. 4 Photograph of Fork. Dri\in,g-Motor. Magneto Speecl-Tndicator and 

Pressure Tank. 

Pressure T.\xk. 

The pressure tank in which the motor and fork were supported 
was a vertical steel cylinder of ,X" (1.25 cm.) steel plates, riveted. 
Figure 5 shows the dimensions of the tank, and also the position 
within it occupied by the motor and fork. The radius of the fork 
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to the test-wire: i. e.. the distance of the test-wire from the motor- 
shaft axis was 58.5 cm. 1 23" ) : and the radius of the pres^ure tank 
was 76 cm. ( 30" ). leaving a clearance between the rotating wire anil 
the tank wall of 17.5 cm. (7" ). A larger pressure tank, allowing 



Fig. S. Elevation and Plan of Pressure Tank showing po.sition occupied by 

the Test- Wire. 

more space and clearance for the revolving test-wire, would have 
been preferable: but the arrangement was the best that could be 
made with the apparatus at hand. The results obtained at anv 
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single air-pressure were not so good as those obtained at normal 
atmospheric pressure in the open air outside the tank, with a larger 
fork radius, and free air-space. That is. the curves of linear con- 
vection against wind-velocity, on logarithm paper, showed more 
tendency to deviate from a ■straight line, in these tank tests than in 
open-room tests, both at low speeds and at high speeds. These 
deviations might perhaps be explained bv air-churnings in the tank, 
due to the motion of the fork and wire in a somewhat confined 
space. 

The insulated wires leading to motor, magneto, and test-wire, 
were brought out through holes in a wooden plug bolted air-tight 
over a manhole. 

The speed of rotation of the motor inside the tank was measured 
in two independent ways: namely ( i i by the e.m.f. of the little 
magneto-generator coupled to the motor. (2) by a contact made 





! 
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Fig, 6. Resistance in oil of 550 cm of the Platinum Test Wire at dif- 
ferent tcmpercitures lietweeii 0° C. and or’ C. in order to determine the 
resistie ity temperature-cocfticieiit. 

through a wire on the motor shaft once in each revolution, which 
gave a click in a telephone. The speed calibration of the magneto 
and its voltmeter could thus be checked, from time to time, by count- 
ing the telephonic clicks in one minute. 
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The pressure of the air in the tank was controlled by pumps con- 
nected with the tank. The tank was fairly tight and ordinarily held 
its pressure steadily during a test. A large glass U-tube containing 
mercury was connected with the tank. The difference of level be- 
tween the mercury in the two arms of the U, corrected for tempera- 
ture, gave the difference of pressure between the air inside and out- 
side the tank. The absolute pressure of the air in the tank was thus 
the sum of the U-tube pressure and the corrected barometer pressure 
outside. This absolute pressure was expressed in ” bars " or C.G.S. 
units (dynes per sq. cm.'), by allowing 75-009 cm. of mercun,' to i 
megabar or 10'" bars.'* 


Hot-Wire Temper.\tures. 

Two hot resistances were selected for the 32 cm. length of test- 
wire in different series of tests; namely one at 8.44 ohms, and the 
other at lo.o ohms, corresponding to temperatures of 410° C. and 
558° C. respectively, by extrapolation from the calibration test be- 
tween C. and 100° C. indicated in Fig. 6. These temperatures are 
therefore inferred by resistance. If the temperatures of the wire 
actually dift’ered from the above inferred values, the values of linear 
convection here deduced would be correspondingly changed ; but the 
comparative results would be unchanged. So far as the main sub- 
jects of enquiry are concerned, it is sufficient that the wire returns 
to one and the same definite temperature when heated electrically to 
one and the same resistance. With the air-temperature in the tank 
in the neighborhood of 20'’ C., the inferred temperature-elevation 
of the test-wire by resistance was 390° C. and 538° C. About ten 
series of speed-measurements were made at each of these elevations, 
with different air-pressures. 

The following table gives one series of tests as an example. 

^"Les Rfeents Progrfs du Systeme Metrique," Paris, Gauthier- Villars, 
1907. PP- 30-31. 
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TABLE II. 


Series of Me.\ 

SUREMEXTS 

ox February i6. 

1911. Observers A. E, K. and 

H. S. S. 

P^c-^u 

c m tank ; 

75 J cm He; a' < 

'\c that in 

ru.m Barometer 

77S mm 

at 145' 

C. Tump 

air in tank 1S.5' 

’ C. Mean 

absolute 

pressure 

in tank _ 

? u4 meya! 

kuS 

• '£ x.'t ’.kitiiium 

Wire between pre--urc wires 

kept at S 

44 ohms. 

Inferred 

temp, elevation 3* 

>1.5'' C. R. 

. P. M. of 

driving 

motor =: 

I 14 • ma 

gner-7 \.:.lta 
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I94S 
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27 
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7-340 

I<! 4 P 

Iu2S 
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1572 

-'^•55 

f 330 3-030 

7-740 

1054 

1020 
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1747 


1 34S 3 !<i4 

S 1*. 0 

^954 

P '35 

474 

I -14 

30 0 

0 35 '* 3 343 

s 530 

1952 


,103 

2117 

30 r) 

0 ;('3 3-470 

.s .N 7 g 

1930 

1915 


2 1 1 

d' 9 

0 3 ' * 7 3 553 

9 07^ 

1050 

I03S 
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23 >5 

0 277 2 023 

5 *'■'7 

^‘'54 

1 9 1 2 

74 
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21 75 

o.23^ 1 754 

4 4-''<4 

1^70 

1916 

43 

300 4 

10 55 

0 232 I 420 

J t> 4 S 

2 92 

1905 

0 

0 

10.5 

0 125 0412 

I 050 

yi 

1917 

Coin 

mil T gives the \ 

oltage gencrtiicd h_\ the i 

ina^nclo 

eul the 


driving-iuotcjr shaft', l-'roni these readings, the .-peod of the test- 
wire through the tiir in tlie tank: or the " w iiul-velocity " of 
Column II Is directly ileriveil in cm. ])er sec. Column III gives, at 
each steady speed, the I’.lk hetween pressure wires in C,i l.S. mag- 
netic ahsolute unit.s or " ahvoll,s." y'ohnnn R’ gives the correspond- 
ing current strength in C.t i..S. magnetic ahse)lute units nr " ahsam- 
peres." The rtitio /: 7 is approximately constant at 8.44 \ lo'-* 
ahsohms, or 844 ohms. Column gives the linear di-'sipation of 
heat from the wire, or the ahwatts (ergs per second) per cm. of 
wire length. Column T'l gives this linear dissipatioti per deg. Cent, 
of inferred temperature elevation. It will he seen that this varies 
from 1.05 >1 lu^ ahwatts per cm. and C. at standstill, up to O.075 'f 
io‘ at 2,i0() cm. per sec. Column \ II gives the entries of TT 
divided bv \ giving a value nearly uniform about i.eCo, until the 
velocity t’ falls to 300 cm. per sec. -\t standstill, of course, owing 

PROC. AMF.R. run,. SOC I III, 213 . i:. PRINTHn Jl'NE Ip, IPI4 



66 


KEXXELLY-SAXBORX— INFLUENCE OF 


[Ai.r:l 24, 


to free convection, the value become? infinite. If. however, we add 
30 cm. per ?ec. to all the wind velocities t . to correct enipirica'dy for 
free convection as described in the paper of I00<;. we obtain the 
values given in the last column \ III. which do not differ greatly 
from 1. 030 abwatts per cm. “ C. and \ t . at all speeds m the table. 

It will be observed that no correction is matle for loss of heat 
by radiation from the test-wire. That is. the linear dissipation- in 
column \T are treated as though entirely due to convection. In our 
paper of 1909. a correction was attempted, for radiation, on the ba-is 


Si* 



of ."^tefan’.- formula. Since, however, it ha- been i.oiitled oiil In- 
Dr, [.angmuir’ that the radiaiior, from ]ilatinum according to llagen 
and Kuben - formula i- oiil_\ ;i -mall fraction of that from a "black 
bod\. or penecil) noii-rellecting radiator, at the -ame temperature, 
the radiation correction- m the ca-e of Table 11 are nearly all le-s 
than 1 jier cent, of llie di.— ipaiion, and it ha- therefore been omitted 
through.i )Ut. 

"■■Iht (oiiMctii.il and 1 ondnction of Heat in O.ise-.'’ l._\ Ir\ing 

Lanisniui!-. /’r.-c ./ni Itis! I'J l.nfirs, lunt js. loij. 
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The relation found in our loO) paper was that 

P.: = kti\ i' abwatts per cm. (2) 

where P, is the linear convection from the hot wire in abwatts per 
cm,. 6 the temperature elevation of the wire, in degrees Centigrade, 
f the \\ ind-velucitv or sjteeii of transverse motion of the wire 
through the air in cm. per second, and k a constant depending, among 
other things, oit the size and surface-condition of the wire. This 
formula was found to hold well between the wind velocities t' = 200 
and f = 2000 cm. 'ec. (7.2 an.il 72 km hr. or 4.47 and 44.7 statute 
miles hr.) : hut not to hold below f=2cx3. unless 30 cm. per sec. 
Were added as an empirical correction to all speetls tei take free con- 
vection into approximate account. This empirical correction, apply- 
ing fairlt well, gave: 

P,^.kH\ f— f„ abwatts per cm. i 2a) 

where is a virtual veli.icity of free convection approximating 30 
cm. per second 

The relation intlicaied in t2l can be pre'cnled gra]ihic:illy by 
straight lines on logarithm-paper, hut I ’nifess.ir .Morns has eimployed 
the Corresponding relation : 

/ /’ \-' , / abwatts per cm. , 

C -) O) 

That is he plots the square of ilie ithserved linear convection per 
degree C.. against the wind \elociiy. thus proiluciiig ti slrtiighl line, 
if either (2) or (22) applies. Idle procedure is followed in bigs, 7 
and 8. ddun, taking I'ig. 7. the broken straight line marked 2.04 cor- 
responds to the results in an air-])re'"Ure of 2.04 niegahtirs, ;ind the 
ohservatioiis in d'alile I apjiear on or near this line a^ small circles. 
Xine dilferent series are indicated in Fig. 7 at pressure' of 0.44, 0.00, 
1.02. I 34. 2.00. 2.04, 2.8 1. 3. 48 and 3.05 megahars respectively, the 
first two corresponding to vacua. 1.02 to normtd atmospheric pressure, 
and the six others to extra pressure in the tank. 

It will he seen that the two lowest curve.' — vacua — deviate dis- 
tinctly from straight lines. I he remainder are drawn as straight 
lines, and the eibseiw atiuiis conlorm to them fairly well, e.xcept at the 
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two hightrst prc?5r,re^ 3 4S and 3.05 mcgabari. This means that 
equati'jiis 12 > and 13) held satisfactorily tri'in i to 2 8 nwgahar', but 
did not liuk! >o well outside those limits laf jire'-'Ure. 



Eli, S. Curvi.> r,i agrun-.t r. f"r k = 


In order to eliminate, a^ far a^ pns^iiiie, an_\ di-turliiug iiulueuce 
on the forced convection in the-'C- le-l^ due to the pre>ence of water- 
vapor in the air contained in the lank, calcium ch'oride was kept in 
the tank. ihe measurements were rdl made between |annar\ 23 and 
February 17, i<;ii. at a time of the tear when the air in Camliridgc 
is ordinarily relatively free from nKjmture. In order to tind whether 
moisture in the air had any considerable effect on the forced con- 
vection of heat from the test-wire, one test was reiieateal at one air- 
pressure ( 2 ine.gahars 1 at eacli of the twa.i temperature-elevations, 
first with the air after it had Iieen exposed to the calcium chloride, 
and second with the calcium chloride removed and a dish of water set 
over night in its jdace. The actual difference in the humiditv of the 
air in the tank was iic't mcastired. hut it wais siijiposeil that there 
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would be a marked difference. It will be seen in Fig. 7 that the 
small circles on the 2.04 megabar line, representing the dried air test, 
fairly coincide with the small crosses representing the air test in the 
presence of water. The same is true for the 2.02 megabar line of 
Fig. 8. Consequently, the effect of moisture in the heat convection 
of moving air has not yet been determined from our tests, although 
it would seem reasonable that in view of the very appreciable knoun 
thermal capactiy of aqueous vapor, the effect of moisture might ha\e 
been apparent. 



It will be seen that the observations in bigs. 7 and 8 indicate a 
relation : 


d 


= C'Xti + tq) 


( abwatts per cm. 


1 


deg. C. 


( 4 ) 


where r„ is a velocity in the neighborhood of 30 cm. per second, which 
may be assumed as the empirical correction due to free convection 
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from the te?t-\vire wlieii held stationary in tlie air. Pr^ofessor .Mor- 
ris's method of graphic represeiitatirm lias the ailvantaye that it indi- 
cates directly the magnitude of the empirical ccirrectiiui r,,. If we 
take t',, = 30, we have from i 4 i 

P. , ~ abwatts per cm. 

= ^'+30 - - - (5) 

Figs. 9 and to give the graphs of P. H on logarithm-paper, for 
the various sets of r.hservation-. It will he seen the observations lie 
not far from straight lines. These lines have a gradient of i : 2, or 
corres[)ond to a s(iuare-root law, "r exponent of i 2 as in 1 3 ) : ex- 
cept for the vacua 10.44 and oiio megahari. where the gradient i' 
approximately 4 : 10: or would mure nearly imlicate a relation 

P . abwatts per cm. 

^=/-,n-P 30 )- -- (6) 
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ConsTlcriiiLi the results imlicated in Figs, j ami S. it appears that 
the slopes of tlie variou> .'iraight lines are nearly proportitinal to the 
atmospheric pressure. This means that, at least ie> a first approxi- 
niatKjn : 


' 

0 


=/n^' + ^h') 


/abwatts per cm. 

V deg. C. 


y 


( 7 ) 


where pk'^k- 

Conseiiuentlv, when in I'rofessur iMorris's diagram, the atmospheric 
pressure p changes, the ordinates are increased in like proportion. 
\l’e hare then 


P= 0 \ + T’„) 


abwatts per cm. 
deg. C. 


( 8 ) 


so that the linear convection is nearly proportional not only to the 
•sciuare root t-if the velocity, but also to the scpiare root of the atmos- 
pheric pressure. This agrees with Pioussincsti's formula (Oi when 
it is rememhered that the air-density a of the medium is proportional 
to the pressure /'. 'I'he remaining eonstant k' involves, among other 
thing', the diameter of the wire, .\ceording to noussine'p s formula 
10). the criii'taiit k' shimld he proportional to the scpiare root of the 
wire diameter. special investigation should he directed to this 
quc'tiMU ; hut the mea'Urenicms recorded in our earlier paper of 
loitMi sceiii ti'i indicate a higher ratio titan tlte square root. 


T.VCLE in. 

\'.\i I I ' (.ir !/ i.v nil EcrRi>siox /V i> = \ k'i'C'— r„) derned hum the 
scr i TM'rvat'"ns rit dilifemn .itmosplK-ric pressures /•. at the \ elocity 

( :' ■ : = i.noo cm. per -^00 
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Table III shows the value of k' in formulas i 7 1 and 1 8 ) for the 
various series of measurements appearing in this report at the velocity 
: = 1,000 cm. per second. It will be seen that k' varies between 1.76 
and 2.50, with a mean value near 2.0. 

AXElIOilETER IMeASUREMEXTS. 

A wind-velocity measuring apparatus, or electric anemometer, 
was constructed of the same thin platinum wire as that used in the 
preceding tests (0.114 mm. diameter). A length of 25 cm. of this 



I- II. II Flxpenmintal .Xiumonieter, 


wire fio in.) was supported vertically, between insulated cli'ps, in a 
steel G frame shown in Fig. ir. I’re-.wire tap... of the same size 
platinum w ire, were soldered on to the vertical test-wire, at a distance 
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of 15 cm. ( ^.c) in.) apart. The vertical test-wire was then placed at 
the spot where the wind was to be measured, and heated by electric 
current. It thus served to measure horizontal wind-velocity in any 
direction. 



Fig 12. Connectioiia of Test-Wire for Indirect Measurements of Wind 

W'locity. 

Two methods were used, one indirect-reading, the other direct- 
reading. In the indirect meth(9d. tile connections were as shown in 
Fig. 12. Here the test-wire, shunted by a voltmeter, is placetl in a 
^^'heat5tone bridge of unequal anus, so that the current in the test- 
wire side is ten times stronger than in the opposite side bd. The 
bridge is set for balance at a predetermined resistance and temper- 
ature of the test-wire. \Miatever may be the horizontal velocity of 
the wind blowing over the test-wire, there is some current strength 
supplied to the bridge through a meter .1, which will restore balance 
and zero current in the galvanometer C. When this balance is ob- 
tained, the rcadiiygs cif the ammeter . 1 , and voltmeter J'. are noted. 
Their product J’.l: or the volttpge square F’. is proportional to the 
power dissipated in the 13 cm. of test-wire, from which the velocity 
of the wind can be deduced with the aid of suitably prepared tables 
or curves. The advantage of this method is its relatively high pre- 
cision. Its disadvantages are that it re<|uires to be adjusted for each 
observation, and in giistv winds, it is not possible to secure a \\ heat- 
stone-bridge balance long enough to obtain readings of either J or A. 
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Ill the direct-reading method, the connections are as shown in 
Fig. 13. Here the test-wire is connected acru'S iio-volt lighting 
mains, through an adjusted resistance, which may con>ist of incan- 
descent lamps, so as to receive as nearly a constant heating current 
as is practicable. The voltmeter J' is connected to the potential taps, 
15 cm. apart on the vertical test-wire. The apparatus is then set up 
at the place where the wind is to be measured. The four leads are 



Fii.. 13 Ci'innectii fur Dire-ct-Readuiii T\ pc uf .Vncniomdcr 

of an_\' Convenient length. an<l arc hound up iiiio a weatherproi if calile. 
I'roin calibration niea'Urenients made <111 a sample of the le-t-wdre in 
a motiir-driven fork, the linear con vecti\ e 'lo.-'iptition of heal for any 
safe given linear re-istance of the wire is known. .\s the horizontal 
Component of wind-velocity increases, the temperature of the plati- 
num test-wire falls, since no ])ro\i.sion is made in this case to restore 
the initial temperature. A calihnition curve lias therefore to he [ire- 
jiared for a given exciting current, whereliy the readings of the volt- 
meter, which may be a reconling in'triiinent, become convertible into 
w ind-velocities. .A set of calibration curves is given in b'i.g. 14 to the 
left-hand scale, both for 1.5 ampere.s and J.o amperes, constantly sup- 
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plieP til the Ie4t-\vire iruni tiie iio-vult circuit. It will be seen that 
when the wire i.4 yreatly ci njleii by the wiml. a verv appreciable cor- 
rectiijii fur tlie temperature nf the wind enters into the result; 
althoug-h at a tempertitnre elevation of say 300' C, this correction 
would be cijinparativel}’ small. It is necessarv to .set the current at 
such a value that when the wind fails, the test-wire shall not be 
dangerously heate<l. It was fouml that with a platinum test-wire of 
o 1 14 mm. iliameter. as Used in these measurements. 1.5 amperes was 
a suitable current fc>r wiml-veli 'cities up t't 15 km. per hour. Thus, 
as iiulicated in Fig. 14. with a wind of 10 km. per hour, and a temper- 
ature of 10 C'.. the voltmeter reading was 4.3 volts. When, how- 

ever. the wind-velocities were higher, the current was increased to 2 
anijieres. which, in still air. raised the wire temperature t'.) visible red- 
ness. .\t 30 km. per hc'ur. and to’ C. wind temperature, the p.d. on 
15 cm. was then ;..S volts. 




lo'. 14 t ahlirati'-'ii eur\i.s of I.S" cm 'lest Wire. 

Ihe (f-.sU])port and test-wire were fastened to a iiole and sup- 
jiorted out of diiors. e.xjiosed to the weather for some weeks. The 
a[)paratus ajgiearcd to be durable, and constant in its indications 
throughout that time, except that the solderings of the platinum tap- 
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wires across the test-wire, introduced an element of weakness. After 
exposure of some days, the test-wire was apt to break at a soldered 
point. In subsequent out-door trials, therefore, the tap-wires were 
simply twisted on to the test-wire. These tap-points involve a certain 
small error due to their cooling effect on the test-wire. It is. there- 
fore. desirable to make the tap-wire as thin as is practicable, in view 
of both mechanical strength and electric resistance. 

In a wind, the readings of the voltmeter anemometer are always 
fluctuating; but a mean value at any moment can alway- be esti- 
mated. A heavily damped voltmeter may conveniently be used. 

The rising parabolic curve in Fig. 14 indicates, to the right-hand 
scale, the watts convecied from 15 cm. of the same test-wire at dif- 
ferent wind-velocities up to i.ioo cm. sec. or 40 km. hr, with con- 
stant resistance maintained in tlie wire: i. c.. by the method of Fig. 
12. It is evident that for high wind-velocities, the indirect method 
of constant test-wire temperature is more -ensitive than the direct- 
reading method of constant current. For lower velocities, however, 
the direct-reading method is much the more convenient, but requires 
to be corrected for the wind-temperature. 

In the use of the constant-current direct-reading method, tungsten 
lamps have an advantage for the regulating resistance of Fig. 13 in 
that they tend to compen-atc for changes in the resistance of the te-t- 
wire at ditterent wind-velocities; or to act as ballast resistance for 
the closer maintenance of constant current. 

Co.Xl LL'sK.iXS. 

1. The forced convection of heat from a thin platinum wire at 
constant temperature moved transversely through the air. varies not 
only approximately as the square root of the speed, but aho approxi- 
mately as the square root of the air-pressure for air-den-ity ) , in 
accordance with Eoiwsine-'q’s formula, 

2, At air-pressures below half an atmosphere, the above srpiarc- 
root relation was sensibly departed from. At pres.-ures above 3 
atmospheres, the relation was also fle[)arted from. Although the 
departures in both cases exceed the limits of observati(jn errors, it ia 
not certain whether they may have been due to imperfections in the 
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ap[)araui4, sacli a^ ttUiy-cnrrciits in the cuntineJ air, caused by air- 
churning in the pressure-tank. In other words, it is uncertain whether, 
if a najre spacious pres'Ure-tank could have been used, with a longer 
fork radius, the square-rciot relation might not have held better than 
it did at the upper and lower air-pressures. 

3. Tile etfect of luiiisture in tlic air. upon the forced convection 
of lieat frcim a tliin wire, seeing to he small, and lias not yet been 
dcterniineil. 

4. The forced convection oi heat front a thin wire at constant 
lenuieraiure in air of variable pressure may be regarded as vary- 
ing tiriproxiir.ately with the siiuare root of the mass of air displaced 
l)_v ti’e wire per secondi, or as \ tcr, where r is the wind-velocity of 
ilisjilacement and ct the d.ensity co' ilic air. 

5. Wdien ire air-pressure p remains constant. ( P,. H • u' the s luare 
of the liiu-ar convection |ier deg. C. elevation, plotted against wind- 
vel'iciiy t'. .gives a straiglu line for a ih.in metallic wire. When, how- 
ever. tile air-pres'Urc p \aries. then it seems that, at lea^t to a first 
apptr 'ximation, i F, Hr p plotted against wind-velocity z\ gives one 
and the same straight line, for that wire, for all values of p from 
('.3 !• 1 j,() niegahars. 

o. .\ thin vertical platimiin wire ahoiu _’5 cm. long, after being 
calil'iaaed in a moii.ir-driveu fork, can serve as a reooriliiig wdnd meas- 
urer or ancnionieler. I'lie record requires lei bo corrected both for 
the temperature and pressure of the air. 'fhe degree of precision 
olitaiualile is greatest at low w ind-velocitics. 



THE UNITED STATES AS A FACTOR IX WORLD 
POLITICS. 


By L. S. ROWE. Ph D . LL D. 

(Read April 24. I'pn ) 

There is probably no characteristic of American political life 
that has made a deeper impression on foreign student' of our insti- 
tutions than the fact that while all matters of domestic policy are 
subjected to the most searching analysis, questions of foreign policy 
do not in normal times become the topic of public discu.-sion. It is 
not until our international relations have reached a critical stage that 
real public interest is aroused. In most ca-es, liowever. before 
public opinion has become crystallized, the national executive has 
committed the country to a certain line of action. Thereafter the 
country's police is determined liy the logic of events rather than by 
the dictates of public opinion. 

In comparing the I'rench. (jermtm and Ilriti'h magazine' and 
newspapers with thtJ^eof the United -'States, one i' impres'ed with the 
fact that while the Eurojiean journals arc cou'tantlv <lncimsing ([ucs- 
tions of foreign policy, little or no attention is given to this .subject 
in our .\merican journals until some prfTlcm has readied so critical 
a stage that it imperil' the peace and safely of the country. The 
causes of this contrast are to be found not in the nuire serirms char- 
acter of foreign journals, but in the fact that the .\merican jieojile 
have been accustomed to confine their thinking on public affairs to 
questions of domestic policy. 

L'nder our system of government this attitude involve' a real 
danger because it removes our forei.gn relations from the control of 
public opinion, and makes them dependent upon the personal views 
of the President of the United States, subject to such influences as 
may. for the time bcin.g, be dominant in Wa'hington. When public 
opinion does assert itself, such assertion usually comes as the result 
of a wave of popular feeling, obeying an emotional impulse. The 

7S 
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root of the difficulty is that the national thought of the people of the 
United States has failed to keep pace with the changes in the inter- 
national position of the country. The early policy of our country, 
as well as our national thinking during the infancy of the republic, 
was concentrated on the idea of national isolation — freedom from 
entangling alliances with European countries, and the separation of 
American from European interests. National thought has remained 
in this stage of development whereas national power and national 
influence have long advanced bevond these narrow confines. W e 
have attaineil the dignity of a world power, but our national thought 
has not advanced to a consciousness of the responsibilities which 
this position involves. The great problem now confronting the 
country is to bring about closer liarmony between these two factors. 

W'e are at the present moment witnessing one of the most serious 
conscriuences of this lack of adjustment which is altecting the inter- 
national po-'ition and influence of the United States to a degree 
which cannot help but arouse tlie grave concern of every thoughtful 
and patriotic citizen. In a brief period of fifteen years we seem to 
have sacrificed the jiosition of leader.-hi]) in the maintenance of world 
peace, and have become one of tlie disturbing factors in international 
afl'airs. How is it, it will be asked, that a nation which through the 
contributions of more than a century has gained an enviable position 
as a leader in the great movement for the advancement of inter- 
national gi'iodwill, -'liould within se> .^hort a space of time sacrifice 
this enviable position and come to be looked upon In' all nations of 
western civilization as an uncertain factor in the orderly develop- 
ment of international relation'^. 

Everv student of intcrnatiiinal law and of world politics has 
been deeply im]ircsscd by the important part played by the United 
States in placing the conduct of international relations on a dis- 
tinctlv higher plane. It seem^. at first glance, e.xtraordinary that 
during the first half centurv of its existence a nation so weak and in 
many respects so unorganized should have been able to exert so 
important an influence on international law. When, however, we 
stop to reflect that during the first decades of the nineteenth century 
the United States held the balance of power amongst the nations of 
western civilization, the apparent paradox is readily explained. 
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The farseeing statesmanship of the founders of the republic 
led to the adoption, as a cardinal principle of American foreign 
policy, that the United States must be kept free not merely from 
entangling European alliances, but from any participation in the 
conflicts then raging in Europe. This principle of aloofness from 
European entanglements led to the assertion of those principles of 
American neutrality which, while serving primarily the interests of 
our national integrity, accomplished the still larger purpose of la_\ing 
the foundations for the modern law of neutrality. In performing 
this service the United States contributed toward eliminating some 
of the most fruitful causes of international irritation, tliercby pro- 
moting the interests of world peace. 

It has been the laudable ambition of succcs.'ive secretaries of state 
to continue and to strensthen those trailitiori' which gave to the 
country a position of such unieiue power amongst the nations of 
both eastern and western civilization. In ^pitc of thc'C effort', how- 
ever, there is noticeable during recent years a distinct falling off in 
our international prestige. Little by little, the confidei’ce of the 
people^ of Euro])e and of the .\merican Continent has been under- 
mined until to-day we find ourselves in a situation winch pci'Scsscs 
none of the elements of that splendicl isolaiior which so long char- 
acterized the position of Great llritain and which, if not remedied, 
is likely to deprive us of the possibility of canyving to a succe''ful 
conclusion a mission wliicli constitutes the chief glorv of .\nierican 
foreign policy during the first century of our national existence. It 
is. therefore, a matter of real national moment to iiniuire into the 
causes which have brought about tlii- cliange, and to ^eek a remedv 
if such exists. 

Of the elements contributing to the present situation, some are 
of long standing, the cumulative effects of which arc now' being 
felt, while others arc of compiaratively recent develoinnent. Amidst 
the spdendid record of achievement during the first centiirv of onr 
national existence there looms up one aspect of our policy which 
has been a cause of deep concern to -uccessive pre.sidents and to 
successive secretaries of state. I refer to the inade<|uacv of our 
national legislation for the protection of resident aliens. A long 
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series of massacre^, beginning with the Chinese massacre at Rock 
Springs. \\ }oming, in 1S95 ending with the lynching of Italians 
in 1899. 1901 and 1910. have placed our national government in the 
humiliating position of acknowledging to foreign powers that al- 
though the sole responsibility for the conduct of our foreign rela- 
tions rests with the federal authorities, they lack the power to fulfill 
the mo^t fundamental of international obligations — the duty to bring 
to justice the persons responsible for such crimes. The matter was 
reierreJ to early as 1890 by rresident IMcKinley. who. in his 
annual message of December 5tb.. said: 

" For the fi-iv.rth time in the pre.^eiu (.ker.de a question has arisen with 
the ^''ivcrnmen; r.f Itr.pv in rec.'.rd to die lynch.ina .if Italian subjects The 
latest of tlie-e (kphuT.l le cxent.' occurred at Tallulah. L'-iuisiana. whereby 
fi' e unfortur.atc' of It.di.in ..ri.cin were taken from jail and hanged . . . The 
recurrence of die.se ell^tre^^;ng ir.ann’e.'tati.t.ns of blind m.ib fury directed at 
ck-pcndents or natives of a f.-reign c.mntry sugcO'ts that the cemtingency has 
arisen for action by t .''reress jn the dire.'ti.in of conferring iip.in tlie Federal 
e-ouns iii'-i'ibction in tli s el.is^ .-.f intern, itioiial ca.'CS where the ultimate 
re'pc.nsi’'il;te ..f p.e Ikdiral ( loMnimeut ma\ I'C iiu.'hed.” 

The matter wtn again \ igore.usit taken up by President Roose- 
velt in his message of Decemher. lood. in which he said in referring 
to the ditl'icuh'es thai liad arisen because of edu.catiianal discrimina- 
tion agaiii't the J.'ipaiicse in Californiti; 

"One ..f dll' gre.ii eml .irr.i-'ineut- attending tile performance of our in- 
ternaiioinl oliligations i> die fact dun the >i.itute> of the I'nited States are 
entirely in.'uki|uato. They f.n'l ti> gi\e to tlK’ nai'.anal g.-'vornment sufficiently 
ample power, through I'nitcd States courts, and by the use of the army and 
naty. to protect aliens in the rights secured to them under solemn treaties 
which .ire ihe law of the hind. 1. iherel'.ire, earue'.ily recommend, that the 
crimiii.il and ei\il .st.milio of the United States be m.i amended and added to 
as to eit.il lie the tire-ideiu. acting for the I niteel State's government, which is 
responsible m our iiilernalional rchittoiis, to enforce the rights of aliens under 
treaties. There -Iiould l>c ina particle of diuilit .is to the imwer of the national 
govcrnnieiit eompletily to perf.irm and enf.'rce its own obligations to other 
nation.i The moh of a single city may at any tune iierform .tots of lawless 
violeiice ag.iiiist -ome class of foreigners v.diieh teoukl plunge us into a war. 
That city hy itself would be powerless to tn.ike defense against the foreign 
power thus assaulted, and if independent of tins go\erument it would never 
venture to perform or permit the pimforraance of the acts complained of. The 
entire p. iw er .incl the wh'.le dutv to pr.atect the offending city or the offending 
community he in the h.iiids of the Limed Suites go\ ernnient. It is unthink- 
able that we should cuniinui' a policy under which a given locality may be 
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allowed to commit a crime against a friendly nation, and the United States 
government limited, not to preeenting the commission of the crime, but, in 
the last resort, to defending the people who have committed u against the 
consequences of their own wrong doing.’' 

In 1909, in his inaugural address. President Taft emphasized this 
serious defect in the conduct of our foreign relations, in the follow- 
ing words : 

" By proper legislation we may, and ouaht to place in the hands of the 
federal executice the means of enforcing the treaty riahts of such aliens in 
the courts of the federal goternment. It puts our gottriiment in a pusillani- 
mous position to make definite engagements to protect ahens. and then to 
excuse the failure to perform those engagements by an explanation that the 
duty to keep them is in states or cities, n'-.t within our contro'. If we would 
promise we must put oursehes in a position to pericirm our promise. We 
cannot permit the possible failure of justice, due to local prejudice in any 
state or municipal government, to expose us to the risk of a war, which might 
be avoided if federal jurisdiction was asserted by suitable legislation by Con- 
gress and carried out by proper proceedings instituted by the executive in the 
courts of the national government 

It is clear that no nation can shirk tlte responsihilities of its inter- 
national obligations without arousing widespread opposition. The 
constitutional authority granted to our federal government is suffi- 
ciently cornprehcnsive to include all powers necessary to nieet our 
international obligations. We cannot permit our states, which oc- 
cupy no international status, to phtnge us into irritating controversies 
v\ ith foreign countries. Ihe dignity of the national government 
and the demands of national sell-respect re<|uire that the federal 
executive be given statutcirv powers snfficieiitlv brciad and tbat the 
federal judiciary be .given jurisdictional authoritv '.ufficiently com- 
prehensive to enable the national .govenimeiit to .|o it-, full duty in the 
protection of the person and propertv' of aliens resnlcnt within ivur 
borders. The first step in this direction is the enactment of a law- 
giving to the federal courts jurisdiction over all ca-cs in which the 
treaty rights of a citizen or subject of a foreign couutrv arc involved. 
A bill to this effect has been before the Congress of the United States 
on several different occasions. Its precise text is as follows- 

Be it enacted by the Senate and House of Representatives of the United 
States of America, in Congress assembled, that anv act committed in any 
state or territory of the United States in violation of the rights of a citizen 
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or subject of a forCyn country .secured to such citizen or subject by treaty 
between tlie L nited States and such foreign country, which act constitutes a 
crime under the laws of such state or territory, shall constitute a like crime 
against the peace and dignity of the United States, punishable in like manner 
as in the courts of said state or territory, and within the period limited by 
the laws of such state or territory, and may be prosecuted in the courts of 
the United States, and upon cemtictioii the sentence executed in like manner 
as sentences upon con\ ictions fur crimes under the laws of the United States.” 

That the federal government has ample power to enact such 
legislation has been repeatedlv affirmed bv the Supreme Court of the 
United States. In Baldwin tx Frank ( 120 U. S. 678) one of the 
leading cases on the subject, the question involved was tvhether the 
Civil Rights Acts were apjilicable to a conspiracy to deprive Chinese 
subjects, residing within a state, of riglits secured to them by treaty. 
In the course of its opinion the court said: 

" The precise quc'tion we ha\ e to determine is not whether Congress has 
the constitutional amhority to provide for the punishment of such an offense 
as that with wdiich Raldwin is charged, Init wliether it has so done. 

“ That the treaty-making power lia.s been surrendered by the states and 
given to the United States is nin|ucsti. 'H.dile. It is true also that the treaties 
made by the United States and in force are part of the supreme law of the 
land, and that they are as binding within the territorial limits of the states 
as the\ are el.-'ewliere throiiehout the d'^minion of the United States 

“ That the L'nited St.ites li.ave power tinder the Constitution to provide 
for the puni'hment of those who are guilty of depriving Chinese subjects of 
any of the rights, privileges, imnniniiie? or exemptions guaranteed to them 
by this Treaty, we do not doubt. Wliat we ha\e to decide, under the ques- 
tions cer’ified here from the Court below, is whether this has been done by 
the Section.- of the Kewised Siattitcs specially referred to." 

Again, in the Deljs case ( 158 U. S. pf'dl the Court held: 

" Tile entire strength of the nation ma\ be used to enforce in any part 
of the land the full and free exercise of all national powers and the security 
of all rights entrusted by the Constitution to its care. . . . If the emergency 
arises, the army of the nation, and all its militia, are at the service of the 
nation to compel obedience to its laws." 

-\!1 this tends to prove not only that we have been remiss in the 
performance of mir international obligations, but that such retniss- 
ness has not been due to anv defect in onr national Constitution but 
to the failure of Congress to extend the jurisdiction of the federal 
courts and to graitt siiecific authority to the federal executive to 
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fulfill manifest international obligations. Indeed, it would seem 
from tlte decision in the Debs case that even without specmc statu- 
tory authority, the national executive may do lar more than has 
hitherto been done in maintaining the supremac_y of the federal 
treaty making power. 

The failure of Congress to make adequate provision for the pro- 
tection of resident aliens has arou.'cd resentment not only m the 
states whose nLtiiO)ii!ls nave sulrered most severely, out has seriously 
ini tired our reputation fur fair dealing througliou: the civilized 
world. The remedy for this situation is so simple that tliere is no 
excuse for further delay in making it effective. 

A second influence which has p'ayc<! an important part in estrang- 
ing the goodwill of foreign countries i' the with spread hehef that 
there exists in the L'catgress of the L'liited States a tendency to force 
upon tile e.xecutive a narrow and Icclinical mieriu-etation of treaties. 
Secretary Hay once 'aid of certain senators wlio attempted to defeat 
every treat}’ pre-'cntedi to ih.e Senate, that their id.ea of a treaty was 
a document which gained everything for the United Slates and gave 
nothing to the other party. The rutlile'' w;iy in wliich the Congrc'S 
of the United .State' has at times swept a'ide treat}- ohligation^, and 
the tlnwillinenc^^ to bring nationa', k-gi'lative jinli'.-y into harmony 
with rinr internatituial ri1)]irratu.,ns. have created the impre"’lon that 
the {ironii'cs of ihe United States cannot he depended upon, and 
that even the Iiest intentions of the Tre^ident and hi' advi'crs are 
apt to he tliuarted. by the action of CriiigreS'. 

The culminating point of a serie-' of insiancew w’as reached in the 
provision of tlie Taiiamn Canal .\ct exempting American coa'twise 
shipping from the payment of canal toll'. Whatever may 1)C our 
opinion as to the desirahility of the exemption clause viewed as a 
que'tion of domestic policy, it is clear frism the hi'tnrv of the 
C!a} ton-1 hihver and of the lIa_v-l‘aiincefote treaties and fi’om the 
testimony of tho'e who assisted in their negotiation that the United 
States made no attempt to reserve to itself the right to give prefer- 
ential treatment to its own merchant vessel', d'he privileges acquired 
by the United .States under the Ilay-Taimce fote d'reaty involved 
certain concc'.'ions 011 the part of r.rcat Ilritain, for which she ex- 
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acted the observance of ilie principle of eqnalitv of treatment. It 
would be a reflection on onr country's reputation for fair dealing if, 
after securing the abrogation of the Claytoii-Duhver Treaty, we 
were to repudiate th.e concessions, the making of which rendered 
possible ilie ratification of the Hay-rauiicefote Treaty. 

It is fortunate for tlie world's peace that there is rapidly develop- 
ing a botly of internatieuial opinion to wliich the policy and conduct 
of individual nations must conform. Adolations of the standards 
Set b_\ this opiniem place tlie offending nations under the ban of inter- 
national disapproval. With each year the commercial and social 
relations between nation- are becoming closer. This increasing 
interdepcmlence means th.at national policy must be made subserv- 
ient to internatiemal right and to internatiemal obligation. Xo 
natir.n is a law unto itself, and it is evident tliat even our concept of 
national sovereignty m.u^l be subjected to re\'i?ion in ord.er to con- 
form more closely to those largvr principles of international reci- 
prr.eity and fair dealing, npon winch, tlie maintenance of western 
civilizatie'in so large'y dei'CndiS. Just as competition lias gradually 
given way to cc>bperation in the imlu-tria! world, so in international 
affairs the concvrtetl action of states and tbc idea of mutual obliga- 
tion as between «t;ues arc gradnal'y taking the place of the more 
primitive principle thtit every nation m;iy formulate its national 
policy on the ha^i- of national intere<i- ivgardless of the liigher 
standard.s of condtict now jirevailing in the socieiv of states. 

h'lartun.aicly. for the good name of tlio I'nited. .'^taio^. the Presi- 
dent ha- enurageotislv taken a position which has not onlv aroused 
the adniiratiou of tlie civilized world hut ha-; placed our country 
under a debt of ohligation. In his address oi IMarcli 5. 1014, to the 
Congress of tlie United States he 4c>undci! a note wliicli served to 
impress upon the nation the sacredne-^^ ol treaty obligations. Speak- 
ing of the IIa_\ -Pauncefote Treaty he said: 

'■ Wc cnnscntofl to the treaty; its lanptiape we aeeepted. if we ek'd not 
originate it: and we are ton lii.g. too powerful, too self-respecting a nation 
to interpret with a too-^tra:ned or refined readme the words of our own 
promise- just hee'atue we liave power en. lUgli to give us leave to read them 
as we plea-e The l.ir,ge thin,g to tlei is the only thing we c.in aiiord to do, 
a voluntary withdrawal from a position eecrywlicre (luestioncd and mis- 
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understood. We ought to reverse our action without raising the question 
whether we were right or wrong and so once more deserve our reputation 
for generosity and for the redemption of every obligation without quibble or 
hesitation.'’ 

The magnitude of the President's service- goes far beyond the 
vindication of the IIa_v-Pauncefote Treaty. These words and the 
determination which lies back of them place the international rela- 
tions of the L nited States on a distinctly higher plane, and. if 
properl}' supported by the united opinion of the country, will do 
much toward regaining for the United States th.e enviable position 
which we once occupied. .\11 secondary and party interests must be 
made to bow before that higher standard of international dealing 
which the President so vigorously cb.ampioiis. 

A third influence which has played an important part in arousing 
opposition to the I'nited States has been the tendency to permit new 
doctrines of American foreign policy to masiiucrade und.cr the cloak 
of the Monroe Doctrine. In the adjustment of our relations with 
[Mexico, with the islands of the Won Indio'. and with the cutmirics 
of Central America, we have fallen into the error of endeavriring to 
build up our relations on tlie Iia'is of the negative principles formu- 
lated in 1S23. Instead of clearly and definitely facing the fact that 
these scctiibiis of tlic -\iiieric;in coiUincnt occupv an exceptional 
relation t'')ward tlie I'nited StatC', and huilding up our poliev on the 
basis of this exceptional relation'liip, we have formulated vague 
principles purporting to he hasi.rl on tlie Monroe Doctrine which 
have aroused the suspicion, the distrust, ami even the hostililv of 
the most progressive countries of South .\merica. We should 
clearly and defuiitely n co.gniye the fact that cveiw thing tliat affects 
the progress, the .stability and the wcll-heiug of tlie islands of the 
West Indies, of iMe-xico and of Central .Xmeru'a. is a ni.atter of im- 
mediate and direct concern to the I'nited St.atcs. It is a concern 
different in kind from that which affects our relations with the 
countries of Soutli .\merica. The ac(|ui<itinn of Porto Rico and our 
exceptional relations with Cuba, have made of the United States a 
West Indian power. The con^^truclion of the Panama Cana! and 
the acquisition of tlie Canal Zone have made of the United States 
a Central-American power, and finally, tlie fact that Mexico is our 
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neighbor, that large bodies of American citizens have taken up 
residence there, and that va^t American interests amounting to over 
a billion dollars, are invented in Mexican enterprises — all these 
lactors indicate the necessity of developing a policy toward these 
three sections of the American continent based on the positive 
national intere'ts involved rather than on the negative principles of 
the kloiiroe Doctrine. We should frankly proclaim to the world 
that l.iasic national intere.'t^ demand that these sections of the 
American continent sliall not iinly remain free from European com- 
plications, but that the primary reijuisitcs for the preservation of 
civilization shall lie maintained. Ccmtiiiued disorder, the di.-regard 
of fundamental human rights, the undermining of respect for 
prioperty — all tlie>e consiituK elements which vitally affect th.c well- 
being and safety of tlte I nited States. This iloes not mean either 
the extension of a prociectorate or an unwarranted interference with 
the dcimestic affairs of ihC'C countries, but it does mean that the 
I niicd States cannot remain inditferent to the existence of condi- 
tions which menace the fundamentals of civilization. 

The positive principles of foreign policy which this exceptional 
situation demands, rest in part on the tact that the sections of the 
American continent above referred to have become important 
sources of the food siijiply of the .Xmerican pocple, and that the 
possibilit} of rctluciiig the cost of living of the American working- 
man depends in large measure on the imiiuernqited use of these 
sources i^f <upplv. 

This does not mean that the I’liited States should pursue a 
selfi.'li or ruthless police in dealing with those countries. On the 
contrary, the permanent interest^ of the I’uitcd States are best sub- 
served bv prosperous, indepeiulent. self-respecting and progressive 
neighbors. ( )ur [lolicv toward them should be conceived in the 
most elevated spirit of helpful cooperation, but the basis of this 
codperation should be and must be the maintenance of the funda- 
mental requisites of civilization. 

The kJonroe Doctrine was formulated to accomplish two specific 
purposes : 

I St. To prevent further European colonization on the American 
continent, and 
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2d. To prevent the extension of the European political system to 
the E’nited States, the overthrow of the domestic institutions of an 
American state by European influence, or the control of the political 
destinies of an American state by any European power. 

These two leading principles, which were of an essentially nega- 
tive character are still vital principles of the foreign policy of the 
E'nited States, in the maintenance of which every state of the 
American continent is deeply interested. The cordiality of our rela- 
tions with the countries of South America demands that the Monroe 
Doctrine be limited to its original content. If this is done, there 
need be no fear of wounding the sensibilities or arousing the oppo- 
sition of the countries of South America. 

When, therefore, in our relations with the islands of the West 
Indies, with Central America or with }ue.Kico. it becomes necessary 
to go beyond the negative principles of the Monroe Doctrine, and 
enforce positive principles of foreign policy, let us take such a step 
fully cognizant of the fact that we are not acting under anv supposed 
principles of the klonroc Doctrine, but on the basis of a police dic- 
tated by the re(|uiremcnts of the special conditions in the kledi- 
terannean section of the American continent. Special agreements 
looking toward coi’peration for the maintenance of stabilitv. <uch 
as the reorganization of the San Domingan finances, do not rest on 
any principle of the Monroe Doctrine. Inn arc dictated by tlie ex- 
ceptional relationship above referred to. 

Our klexican policy is another of the infhicncis th.at lias reacted 
unfavorahly upon the inicniational pewition of the I'niied Stales, 
No one will doubt for a moment the lofty ideals which have actuated 
the r'rc'ident in the formulation of In', |)olicv, Imt it is also clexir 
that in ^pitc of ad pi otestations to the crjiitrarv nur klcxican police' 
has aroused a marked feeling of oppo-iiion aninugst the peoples of 
Central and South America, and has served to fo.-ter secret under- 
standings hetweeu European .governments lor the purpose of pro- 
tecting what they regard as their national rights and the right, of 
their citizen., M e mii't alway.s hear in mind that whatever may be 
our personal views witli reference to the Alonroe Doctrine it has 
alwacs been legarded by tiie I'uiropean countries as an cxjiression 
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of the intention of the United States to reserve the countries of the 
American continent as a special field for its commercial and indus- 
trial influence. 

The unwillingness of the United States to allow European gov- 
ernments to intervene in iMexico for the protection of the interests 
of their citizens and subjects, combined with the reluctance of the 
United States to accept the full responsibilities which this position 
involves, has served to accentuate the feeling of opposition to the 
United States which has been growing so rapidly within recent \ears. 

Furthermore, the attempt on the part of the President to deal 
with the hlexican situation as if it were part of a general Latin- 
American problem instead of facing it squarely as a problem siii 
goicris. involving an exceptional relationship between neighboring 
countries, has aroused tlie bitter opposition of the countries of Cen- 
tral and South America. The in^i'tence of the United States on the 
retirement of a provisional President is looked upon ns a form of 
unwarranted dictation, and as an indication of a settled purpose on 
the part of the United States to assert a kind of political supervision 
over the republics of the American continent. 

In conclusion. I desire to refer to a recent occurrence which has 
given rise to 'eri<')Us misgivings both in Europe and in the countries 
of Central and South America. In an adrlress delivered before the 
Southern Commercial Congress, the President of the United States 
announced a new principle of American foreign policy, the purpose 
of which seems to be the grtidual fintuicitd emancipation of the 
countries of Central and .‘'outh America from their present depend- 
ence on European capital. In the course of this ad.dress. the Presi- 
dent attacked 

tlic niatori.rl interests that had influenced the foreign policy of certain 
Governments in their relations with the nations of Latin-America," 

lie declared it to be the duty of the United .‘^tates. 

“ to a'si.=t the nations of thi.s hemisphere in their emancipation from the 
material interests of other nations, so that they might enjoy constitutional 
liberty nnrectramed " “You hear.’’ he said, “of concessions to foreign 
capital in Latin-.Xmerica . . . States that are obliged to grant concessions 
are in the position that foreign interests are apt to dominate their affairs. 
Such a state of things is apt to become intolerable. It is emancipation from 
this inevitable subordination that we deem it onr duty to assist.’’ 
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It is true that the President restricted himself to a declaration 
against " concessions,” and it would seem that to his mind this term 
involves the idea of special privilege or monopoly. The nearest Eng- 
lish equivalent of the Spanish word " concession " is our own legal 
term ” franchise." It is true that in many of the countries of Central 
and South America such franchises include the grant of monopolistic 
privileges. It is also true that under the cloak of such franchises 
manv abuses have been committed, but we must bear in mind that 
the unsettled political conditions prevailing in many of these coun- 
tries and the exceptional risks to which foreign capital is subjected, 
have made it necessary to offer exceptional inducements in order to 
attract foreign investors. If we stop to reflect on the extraordinary 
inducements which tvere offered to foreign capital during the early 
history of the United States, and on the great service which such 
capital rendered to our national development, we can readily see that 
any policy, the effect of which is to discourage foreign investments 
in Central and South America, caniu.it helj) but retard the develop- 
ment of those sections of the continent. We may deplore the fact 
that in many of the republics of the American continent there has 
been a wasteful and at times a corrupt distribution of franchises and 
special privileges, but it is a serious (piestion whether it is either our 
duty or our right to undertake to determine or even to suggest the 
standards or conditions to which the investment of foreign capital 
should conform. 

At all events, let us not close our eyes to the fact that the formu- 
lation of this policy has aroU'Cil serious misgivings throughout the 
countries of the American continent, as it is looked upon as an 
unwarranted assumption of control over their libertv of action. In 
Europe the President s jjronouncement is regarded as confirmatory 
of a suspicion, which has been growing within recent vears, namely 
that the Lnited States has embarked upon a national policy, the pur- 
pose of which is to reserve the less advanced countries of the Ameri- 
can continent for the economic exploitation of American capital. 

Whatever the ultimate judgment on the appropriateness of the 
principles or the wisdom of the policy formulated in the ^re.^ident’s 
Wobile speech, it should be made clear that this new orientation of 
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our foreign policy is not a part of the Monroe Doctrine, and has no 
organic relation to the fundamental principle upon which the iMon- 
roe Doctrine rests, namely, national safety and self-protection. It 
is a new and strange principle which has aroused the opposition of 
the countries for whose benefit it is intended, and has engendered 
bitterness of feeling amongst European peoples. If it is to be main- 
tained it must justify itself by basic reasons of national interests and 
international obligation entirely independent of the iMonroe Doctrine. 

These, in brief, are the more important influences that have 
aroused the opposition of many sections of the American continent 
and the animosity of Europe, and have placed the United States in 
a position of international isolation. It would be idle to argue that 
we have been the victim of circumstances because, as we have seen, 
the position in which the I'nited States finds herself at the present 
time is traceable to the fact that our national thought and national 
consciouMtes4 have not keiU pace with our international responsibili- 
ties. The most serious aspect of this condition of isolation is that it 
prevents us from fulfilling the high mi-sion in international affairs 
which, by reason of our excei^tional geographical position, by reason 
of our exceptional relationship to European as well as to American 
affairs, we arc manifestly called upon to perform. The words spoken 
by Mr. Root at the Fourtli T’an-American Conference at Rio Janeiro 
set the staiulards which should ever remain before the American 
people : 

W e wi'h fnr no victories but tliosc of peace; for no territory except 
our own ; for no sovereignty except the sovereignty over ourselves We 
deem the independence and equal rights of the smallest and weakest member 
of the family of nations entitled to as much respect as those of the greatest 
empire, and we deem the observance of that respect the chief guaranty of 
the weak against the oppression of the strong We neither claim nor desire 
any rights, nr privileges, or powers that we do not freely concede to every 
American Republic. We wish to increase our prosperity, to expand our 
trade, to .grow in wealth, in wisdom and in spirit, but our conception of the 
true way to accomplish this is not to pull down others and profit by their 
ruin, but to help all friends to a common prosperity and a common growth, 
that we may all become greater and stronger together.'’ 



THE .AIORPHOLOGY OF THE PASSAAIAQUODDY 
LAXGHAGE OF ^lAlXE. 


By J. DYXELEY PRIXCE. 

{Read April op, 1914.) 

The Passaniaquoddy Indian.' of iMaine. together with th.e iVIali- 
seets G^filicete'I or St. John's River Indians of Xew Brunswick 
form a single linguistic group r.f the eastern .Mgnnquin la’r.ily k'W.wn 
as JJ’abanaki.' people of the dawnland,' or ‘ East.' It is cYimatcd 
that there are about three hundred and fifty people in each clan The 
other members of the group are the IMicmacs of Xova Scotia, l^.e 
Abenakis ( a corrupti' in rif \\’ai;anaki 1 or St. Francis Indiar.s of (.juc- 
bec. and the Penobscots of Ohhown. IMtiine. tlic two latter clans also 
forming a lingui.stic group similar to that of the Pa^samaquodilies 
and IMaliseets.^ Tlic name " ra''aina(|UO'l'!y " is a ci I’-nuif'on of 
pcstuiiw'kat. ’one tslio catch.cs pollack fisli ‘ (Cudiis Pol'achiu^ } = 
pcska' tiiiii. This term ha.s been applied tu the tribe rifiy in com- 
parativelv recent times Tlie hea'liuarter.' ut the Pn";ima' lui itMies 
are at Pleasant T’nint. Alaine iSipihik). where the remnants of the 
tribal organization still exi't. Here, lor e-xa.mple, (iwe-lc Sopied Se!- 
mo, th.e keeper of the bN'ampnm Rec'jrd. a mnemonic 'lem of wau;- 

1 For the Y'abanaki lirou;). cf iry arfeU s •' N'.-.tos on the I.,iiieuaei' ■ f 
the Eastern Algonquin Trilic'.” A.ii'rr J-.an i'l'il.d . IX. pj, 310 31O: "The 
A'ampum Record,” T’roc. Aiiter. 1 ‘ I .So;-, f'lp. [ip apo-.loo : “ I'l.ircoittn 

Indian Place-names in the .Vdirordachs,” J.'ur A)i:,'r looo, pii 

luS; ” Some Passaniaquoddy Wuehcraft T.ah--.” Aaicr I'rilos. , 

XXXVIII.. pp i8i-ih’o: "Xou- ..n P.i":iin.iqr.' ,diiy l.itcr.auire." . ,0' ei/.T- .Y )’ 
Academy of '>cie:ue.<:. XIII, pji " 1 !>i- Modern Itialect of the C.uia- 

dian Abenalas.’' Mi’iceilarea Lrea'ii^n^a m (/,:■<, -e di (IraAodt i Asec'h. loot, 
pp. 343-3dc; Leland and Prince, " Ku''Yl.,,p tlic Master," bunk and W'aan,."-, 
X^ew York. "The .Vlaonquin X'oiui." Proreecbngs nf the t'ongres. nf 

Orientalists, Rome, I004; “.Xlrn'iiquin Rdmion,” Hastmqs, inruonary ru" lO - 
ligions. s. V "God”; “A Tlieinac Alanu-eriiit," FT. iei.( diriq s .,f the ( ^000 -s 
of .Vmcricanols. Quebec, looX; " .V Pti'-rimaquoilfly .Viiat)!!'," ,\}ncr Antlo 
polo(jist, XI. 
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pum shells arranged on strings in such a manner, that certain combi- 
nations suggested certain sentences or ideas to the narrator, who, of 
course, knew his record by heart and was merely aided bv the asso- 
ciation of the shell combinations in his mind with incidents of the 
tale, song or ceremony which he was rendering i Prince. Proc. Amcr. 
Philos. Society, December 3. 1897, pp. 479-495 '• With Selmo, how- 
ever, died the Secret C'f this curious system, but the laws and customs 
therc-Ly recorded have been jiresc-rved and published in tlte Proceed- 
ings of the A.niericoii Phi'osofhica! Society 1 ioc. cit.). Tiiere is also 
a large amount of oral literature handed down by these Indians, a 
• luantity of which exists in the manuscripts of the Hon. Lewis 
iMitcheil. Indian member of the iMaine Legislature. Th.ese docu- 
ments are m.-'W in my possession and I expect to publish their material 
in an exhaustive work on the Pa-sama'iiii nldv tribe and language. 
Some matter r,f this ch.aractor has already appeared, bnah in the Pro- 
ceedings of this Sisciety iXXW'IIL. pp. 181-1891. and also in 
Lelaiid and Prince, “ Kuldi.-kap the i'da^ter." X'ew York, icjoe, a I'Op- 
nlar expositirm of the eastern Algon.juin fihik-lorc. 

Th.e oliject of the prc'ent paper is to discuss briefly the chief 
peculiarities of the Passamaciuoildy idiom, as it is now in use. Xo 
fietailed presentation of the morpliiilogy cif this dialect has been made 
as _\et, although some of its features have been noticed. Xearl_\- all 
tlte materials for tlie present article have been gathered orally from 
the Pa"amaiiuoddies and tested lyv means of the Mitchell manuscripts. 

PHONETICS. 

The phoiwtics of the dialect are comparatively simple. The sys- 
tem followed herein gives to the virwels tlte Italian pronunciation, 
excej'l ('--Pnglish are in 'awful' and the indeterminate vowel 
( S clizeiiiid ) w hich is indicated by the apostrophe '. There are no 
nasal vowels in Passainaiiuoddy. as in Abenaki. II has the value of 
the >iiriple breathing, but the inverted comma ‘ is the well known 
*'\.lgon( |uin glottal catch, pronounced like a very soft Arabic medial 
He. (li often represent.s a palatal ts" and between vowels has a 
tendenev to approach j~ds". The constants f. t. k are voiceless 
surds often approaching b, d and hard g between vowels, but never 
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Uttered like the English pih), till). k{Ji). S between vowels is 
sometimes occasionally pronounced almost rr. The combination Zl’’ 
is the whistle peculiar to the Algoiujuin languages occurring at the 
end of syllables: ke'kz^-: pronounced kchkz^-u. IF in general is a 
weak consonant ; it is almost equivalent to the /nvowel. It generally 
disappears after any prefix, as seen in the paradigm of z^iki^'tis: nik- 
zcus; kikz^'us. etc. It >hould he noted that the / carries an inherent 
vowel and is consequently pronounced very like the Pcilish barred I. 
X before consonants, as in the syllables iiki- is pronounced with 
its own inherent vowel The spelling of the IMitchell manuscripts 
is a mixture of English and French influences. fre(iuentl_\- u-ing b. J. g 
for p, t. k: i for ch and an arbitrarily varying system of vocaliza- 
tion. Xo attempt has been made to fcillow it in this paper. 

The Passamaquoddy is not especially rich in consonantal clusters, 
although more so than some of the other Algonquin idioms, as for 
instance the Fox. The following table covers nearly all the con- 
sonantal groupings which appear, and even some of these are not 
true clusters, as they occur in many cases with vocalic tc and y. The 
Indian manuscripts shriw many ai)parent chisters. but they are often 
really separated by the Schz^'und which no Indian ever writes, d'htis 
clusters with /, m. it are su-picious. owing to the probability of in- 
herent vowels. The Scliz^und and inherent vowels may be repre- 
sented by e. 

Cm sntRS. 

r/itc.' echiX’cIii, ' must.’ 

chv: apacliydic. ‘when I come.' 

k'lii: zF-mikniaiipuuri'mia. 'they fea.st tcigethcr.' 

ks: cyiks. ‘ when they are ’ ( ' were ’ i. 

kskzc: chz^'o pnokskzXik' n , ' anchor.’ 

kt: zF iiidcbc-tii’sikfiluk'n, ‘he begins to puni-h him,’ hut here the k 
probably represents k'. 
kzi.': akz^’ct'ii, ' canoe.’ 

kzFp: ni.sitkinckzF p'n. ‘as we ( paddled i together.’ 

Ik: till kin. ‘ thus ’ ( real ). 

Ih: ainalhitakzK’iik, ‘they make miMic ’ ; hd' ‘ fawn.' 

IkzF : alkzF iiiinai'tfikiik. ‘in their mid.-t ' i .■.u-picious ) . 
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Ip: holpin. ' he sits.' 

It: = participial ending 3 p. pi. (reaH. 

mk: el-diiikikap, ‘when they came ashore.’ 

)iikzc’: kiku))ikzcHk. ‘suckers' (fish'). 

»is: ji-ohimsittiDii'ii. ‘ I pretend to': la)iis-, ‘blow.’ 

)iisk: aDiskoz^'ds. ‘first.' 

Ilk: (nasal) : k'tniikiaii, ‘when you have hunted' (real). 

Ilk. aiikz\.'och, ‘sometimes' (real). 

us: iisdiiiakzsdii, ‘water' in with inherent vowel: ’«). 

pk: apkuldnisck, ‘ they are overwhelmed by the wind.' 

pkzc': aclidpkzsalusk, ' perch' (fish'). 

pit: chzcopnokszcdk'ii, ' nnchor ' (not p'n). 

ps: dsHps, ' grebe ' ( sort of crane). 

psk: dpskcduk, ‘than.' 

pt: appatdptozK'‘k. ‘they come back': iidcliipt. ‘fetch' (imper.). 
pzc: apz^ntozcaticliil. ' they stand.' 

sli: apakzscsJiL’.':, ' rcd-hcinlcd w<:io<l-pecker ' [z=s-h: not the English 
sh ) . 

sk. iHosk. ‘ find.' 
skzi.’' : pcskzi.', ‘one.' 

sm: ikUsni'n. ‘white man ' = ‘ Englishman ' : isnidkzccs. ‘fish-hawk.’ 
sn: p'snnt, ‘ basket.' 

sp: ki'tspcin, ‘lake': spCiszcCui. ‘morning.' 

st: clu'stdsit. ‘he being angry': stdkinit, ‘green.’ 

JiC." k'loszcdk' II. ‘ word.’ 

th: petholatichilii, ‘when thev arrive.' 

tk: atkcyi. ‘ string, cord ' : iiskilkaiiiikzc. ‘ world.’ 

tin: chcpakatni n . ‘that von shall marrv.' 

ts: inits, ‘eat' (imper.). 

tsk: initskun, ‘animal dung.' 

tzc: lakiitzcdk'n. ‘ treaty.’ 

The intonation of the Passamaciuoddy is highly tonic. Almost 
every accented syllable indicates a voice-lift. The voice is dropped 
on the syllable following the tone : half raised again on the third 
syllable and dropped again on the fourth: lakiitzcdk'n : pronounced 
^“kiiP'^k n. This peculiarity apitears to be distinctively Passama- 
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qnodily, as the kindred Malisects speak very monotonously and with 
no especiallv noticeable voice-lift on the accented syllable. The 
Abenakis also have a monotonous tone, amounting practically to a 
drawl. 

MORPHOLOGY. 

In Passamaquoddy, as in all the other Algonquin idioms, the 
words are really only indifferent themes, which may be used either 
in a nominal or a verbal sense. This phenomenon is too well known 
to require elaboration, but it may be illustrated by the appearance of 
such indeterminate roots in all the parts of speech; thus, sak, ’be 
ptronf. rule ' : as 'Cen in :/t-ach'zKi-sal:i'ton'l. ' he must rule ' : sakleyo. 
'it is hard, difficult’; saklikzcuso. ‘it is served up strong’; skikcni, 
‘chief’: sak'iiiazcdiuat, 'he who is chief’: k'ti-sak'iuazi'c'lul. ‘I wish 
to make vou chief’: sdk'i!ia-z^''ikz~.viii. ‘chief’s house’: sak'iiuiz.-t'!- 
mckzz'tcch. ‘may it be hallowed ’=■ ;‘ made like a chief.’ etc. Simi- 
larly, the root os, ' shine.’ appears in k'ls-us. ‘ luminary ’ ( probably = 
‘what can [ftw-] shine’): hencc = ‘moon, month’: d-Ctsc. ‘what 
shines’: nip-auslt. ‘what sliincs at night’: specifically ‘the moon’ 
f ;n'/’ — ■ night ’) . etc. ('see just below on te’/f i. 


Thu. Scr.sTA.vTivi;. 

All substantives, including a<ljecti\al formations, are flivided into 
two classes, animate and inanimate, no attention being paid to se.v- 
gender, which is expressed either liy prefixing or suffixing some de- 
termining word, or ePe by the lue (jf a distinct expression: kindic- 
nil's. ‘ king ’ ( literally : ‘ Ixing James,’ the name of the first king w ho-.e 
name the Indians heard i : but k'mchi^iiics-iskzci'. ‘ipieen,’ with the 
feminine suffix -iskzsi' (—-‘squaw’): iniVui, ‘hear,’ but lu'ipeskzi', 
‘ she-liear ’ : put'p. ‘whale,’ but skzi'cnic kzi'. ‘ .shc-whale,’ etc. It 
should be noted that many sub~tantive< which we should regard as 
inanimate.s are tre.atcd as animates in Passamaquoddy and con- 
versely: as akun, ‘ snow-'hne ’ (an.); but sat-x-il. ‘blue-berries’ 
( inan pL). fJenuine inanimates are, c. ;/., t'ni'luk'u, ‘axe’; rcf/c- 
Zi'ani. ‘house,’ and wonP of a similar character. 

The plural ending for animate nouns is invariablv -k and for 
inanimate -/, preceded as a rule by indeterminate connecting vuwels ; 
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mus, 'moose': pi. mus'k; cs, 'clam'; pi. cs’k. Nouns ending in -p 
and dentals like ski' tap, ‘ man,' insert -y- and use the distinct ending 
-ik; pi. skitdpyik; cf. also pilchisap-yil, 'trouser-braces’ (inan.) ; 
/’2/7N= English ' breeches ’ — a/’, 'hang'; lit. = ' hang-breeches.’ 
Participial forms in -t. like c'plt, ' woman,' palatalize the ty into ch; 
pi. c'pichik for cpityik. The same phenomenon of _v after labials and 
dentals appears in zaikluk'nepy'ci, ‘ inkstand ’ {zaikhik’ n-nc p , ‘ book- 
water -e;', ‘thing'), and in mct-y-czacstakza, ‘he is saying’ {mct- 
= prolonged action -P y -j- czacst, ‘ speak ' participial ending -akzv) . 
Note also sat-y-il (inan.'i. 'blue-berries.' I can find no trace of the 
connecting vowels a, o and e (if used after specific consonants, as 
in Abenaki ( cf. Prince, " Ascoli Memorial,’' p. 349). Sometimes, 
however, after -j a plural in -za'k occurs, as kisos. ‘month’: pi. 
kis'za'k, but, on the other hand, kakakus, 'crow': pi. kakakns'k. 
There seems to be a natural affinity in the labial and dental for the 
connecting -y-. 

THE ADJECTIVE. 

Adjectives ma}' be used as separate indeclinable particles pre- 
ceding the noun; as k'cJii sk'i'tap, ‘great man’; sigi m'tapckzain, 
‘ fierce warrior.’ They may also appear in this indeclinable form 
adverbially, as kdtamayhd-k'tnnkiyik. ‘while absent they hunt’ 
(lit. ‘ not' = katama y, connecter, ‘ being ’ = f-tc’i') . \’ery com- 
mon is the use of adjectives ending in -ko for animates and -k'n 
for inanimates: za'Uko ski' tap, ‘good man’; pi. z(.’'likozc''k skitdpyik; 
zii'lik'ii zaikzaruti, ‘ good house ’ ; pi. zc'likn'! zi’tkzi’din'l. The participial 
-it (an.) and ck (ik) (inan.) is a common adjectival ending as 
zv'likit, ‘handsome’ (an.) ; zalikck (inan.). When the adjective is 
inflected, it must agree with its nouns, which it may follow or pre- 
cede: sCiks'l pichcyikil, ‘long stockings’ {=saks’l) . Some adjec- 
tives end in as nck'm'kil ski' tap, ‘big man,’ which is not an ob- 
viative I (see below, Substantival IModifications, No. ij. .Adjectives 
may be formed from nouns by the endings -zz'i as skitdp-zai, ‘ human,’ 
and -(k)ezid: zi’ikzcanikczai, ‘homelike.’ 

The element zi’'l!-(o!i-} may also be used adjectivally without 
inflection, as zc'Ii Iiads, ‘good horse’: za'li zaikzcdm, ‘good house,’ 
and in innumerable combinations both nominal and verbal. Per- 

PROC. .\MER. PHIL. SOC., LIII, 213, G, PRINTED JUNE 20, 1914. 
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haps no better example of Passamaquoddy polysynthetic formation 
can be had than the following partial list of the combinations pos- 
sible with zc'll: zc'lithdtiii'n, ‘he is glad of it'; k-eh^'iit, 'good'; 
zv'ldmto, 'he is good natured ’ ; zc'ldsezcani^-cchiydnia, ‘they are 
pleased with him ' ; zclaszcclt' m' u. ' he thanks for it ' ; olilclm'lcn, ' as 
I wish you well ' ; oruim'n'l, ‘ he rejoices at it' ; zj'lapcmkuk, ' it bene- 
fits hims ' ; uliotz^'ak'n, ' benefit ' ('nO : ic'I-zi'ikn, ' he lives well ' = ' is 
rich ' : Zv''tdcIi'z^ i-zi'l-dnkeyoijdz^’'[, ‘ they must take good care of him ' ; 
ziflap'czz'it, ‘beautiful’; zc’lapci^iu, ‘handsome man'; z^'lcyozj’l, ‘he 
treats her well'; zyiitham'l. ‘he consents'; z^''l-okhcdiiii’k. ‘sport, 
game,' etc. 

THE PRONOUN. 

The demonstrative pronouns are yitt, ‘this’ (nearer); zjiit, 
‘this'; na, ‘that,’ indeclinable; and nit, nit. ‘that.' See below for 
the obviative inflection. The relative for both classes and numbers 
is cU-, followed by the participle: eli-iiskichlnzcit ^ ‘he who is an 
Indian ’ ; eli-meksit, ‘ who finds.’ Sometimes the relative is expressed 
by the participle alone: askozcalt'icliik. ‘those who wait.’ The inter- 
rogative pronoun is as follows; animate zcen, ‘who'; obv, z^’cn'l; 
also = ‘ someone ' ; obviative p\. — zi'ciiilii; inanimate ; kc'kzc, ‘ what ' ; 
also = ‘ something ’ ; pi. kc'kz^'s’l, ‘some things, things.’ 

A highly important feature of the language is the combination 
of both nouns and verbs with personal pronouns, by which means 
most of the inflection is carried on. In the following table of per- 
sonal pronouns, it will be observed that the Passamaquoddv, like 
its Algonquin congeners, has two first persons plural; an inclusive 
and an exclusive, the first of which implies that the pcr.son and 
persons addressed are included with the speaker, while the second 
form excludes the person or persons addressed; i. c., the first = ‘ I, 
you ’ and ‘ they,’ and the second I ’ and ‘ they.’ 

Separable Personal Pronouns. 

We (inch), kil'n. 

Thou, kU. We (excl.), nil'n. 

He, she, it, neg'm. You, kil'zi’au. 

They, ncg'niau. 
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The primitive elements of the first, second and third persons 
are n, k and prefixed in the separable pronouns above to cer- 

tain dernonjtrative elements which are practically identical in all 
the dialects. These elements n, k. tf(o) may also be prefixed to 
nouns, to indicate possession, and to verbs, to denote conjugational 
infiection. It will be noticed, however, that the separable pronoun 
of the third person is represented by a demonstrative particle ncg'in 
(Abenaki ag'ma: Delaware nckama). This has no connection with 
the tc( 0 ) -prefix, but is a combination of the ordinary demonstrative 
Ilia; ni \ . ‘that one ' -j- the asseverative ya, seen in yak (passim), 
and the possessive -m (see below). 

The following diagram will illustrate the Passamaquoddy method 
of combining the pronominal ti. k. zc(o) with the animate and inani- 
mate forms of nouns in order to denote the possessive relation, 

Def. Ax. 

nim'ia nikzeits, ' I see my mother.’ 
k'nimia kikzviis, ‘Thou secst thy mother.' 
za')iiiii'ial zaikzaus'l, ' lie sees his mother.’ 
k'nimianna kikzvus'n. ‘We (’inch) see our mother.’ 
nimiatuia nikzaiis'n, ‘We (inch') see our mother.’ 
k’niiiiidzeu kikzaiis'zi’u, ‘ You see your mother.’ 
zanimidzi.''! zaikzi'us'za'l, ‘ Thev see their mother.’ 

Def. Ix.\x. 

nimi'ton nt' m' hik' n . ' I see my axe.’ 
k'nlmi'ton k'tdn'hik'n, ‘Thou scest thy axe.’ 
zv'nimi'ton ze'tdii'Jiik'ii. ‘He sees his axe.’ 
k’num'toncn k'f tn'hik'ncn, ‘We (inch) see our axe.’ 
ninutonen n't' in' hik' nen, ‘We (exch) see our axe.’ 
k'niniitdiiia k't' ni'hik' n'zait^ ‘You sec your axe.’ 
zz''niini't6nia zv't’m'hik'n'zeu, ‘They see their axe.’ 

Def. Ax. Plural. 
nimiuk nikzviis’k, ‘I see my mothers.’ 
k’nimiuk kikzcus'k, ‘ Thou seest thy mothers.’ 
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zv'tiimia zcikzcus, ‘He sees his mothers/ 
k’ nimiannazi'a kikzi.'iisnzju’k, ‘We (inch) see our mothers.’ 
nimidnnaz^'a nikz^'i'tsn’zi'k, ‘We (excl.) see our mothers.’ 
k’nimidzcu kikzvus’zu’k, ‘You see your mothers.’ 
zxf nimidzz'u zzikzvuszz^l^ ‘They see their mothers.’ 

Def. Ix.ax. Plur.\l. 

n’mi‘ton’1 ■nt'm’Mk’n'l, ‘I see my axes.’ 
k’nimitonl k't'm’hik’n’l, ‘Thou seest thy axes.’ 
zz’’nimiton zz’’t'>nlnk'n’I, ‘He sees his axes.’ 
k’nimitonc}i’z^’'l k’t’nihWncn’l, ‘We (inch) see our axes.’ 
nimi‘toncn'zz'’l wt'm'bik’nen’l^ ‘We (excl.) see our axes.’ 
k’ninn’tonzifl k’t' m’luk’n’zi/l, ‘You see your axes.’ 
zi/nimi'ton’zifl zvt’mlnk'n’zij'l, ‘They see their axes.’ 

IXDEF. AxIM.ATE. 

nim'ia zjznkzK-ns, ‘ I see a mother’; zvikzz'us' k , ‘mothers.’ 
k’nhnia zvikzz’us, ‘ Thou seest a mother ’ ; zvikzK-us’k, ‘ mothers.’ 
"dj'ynm'ia zz'ikzi’i'is'l, ‘ He sees another ’ ; zz’ikzviis. 
k’nimidp’n zv'ikzvus, ‘We (inch) see a mother; zvikzz'us'k, ‘mothers.’ 
nimidp’n zz'ikzz’us, ‘We (excl.) see a mother’; zvikzi'us’k, ‘mothers.’ 
k’niniia‘pa zv'ikzz’us, ‘You see a mother’; zvikzviis’k ‘mothers.’ 
zz/nimidnia zcikzcus'l, ‘They see a mother’; zx.ikzi'ns, ‘mothers.’ 

IxuEF. I.\.\XIM.\TE. 

nimi'to t'mlnk'n, ‘ I see an axe’; t'm'hik'n'l, ‘axes.’ 
k’nimVto t’m’hik'n, ‘Thou seest an axe’; t'm’Jnk'n’k ‘axes.’ 
zv’nimi'to fm’hik'n, ‘He sees an axe’; t'm'hik'n’l, ‘axes.’ 
k’nimi'toncp’n t’m’hik'n, ‘We (inch) see an axe’; t’m’hik’nl, ‘axes.’ 
nimi'tOHcp'n t'm'hik'n, ‘We (excl.) see an axe’; t'm'hik'n'l, ‘axes.’ 
k’ninn‘td‘pa t'm’hik'n, ‘You see an axe’; t'm'hik'n’l, ‘axes.’ 
zv'nimitozc'k t’m’hik'n’l, ‘They see an axe’; t'yn'hik'n'l, ‘axes.’ 

The scheme of the possessive prefixes and suffixes for nouns is 
then as follows ; 
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Inanimates. 


Animates. 

Singular. 


n k- 

k n- 

Z\.‘ 1 

Zi'- 

Plural. 

n k k- 

n- 

k k k- 

Lt* ( Zj 0 ) Cl’" 


n 

’n n 7 

Zi’l k- 

Zi'l 

n’zi'k 11 

n'zv'k 

zv'k k 

Zi’’l Zx.' 


Singular. 

k en 

n en 

k 'zi’u 

Zi' Zi'll 

Plural. 

k en’l 

n en'l 

7 N’ Zi'l 

7 k zi''l 


When a noun begins with a vowel or with an I (really 7 with 
inherent vowel), a dental is inserted after the pronominal prefix: 
nt-akim. ‘my snow-shoe’: nt-latwczeak'n, ‘my language.' When a 
noun begins with tv, as zi'ikzvus, the tv-prefix coalesces with the 
initial, as shown above. Many substantives beginning with m, 
especially those denoting a part of the body, lose their in -when in- 
flected possessively: m'liuk. ‘body’: n'liiik, ‘my body,’ etc. 


Substantival Modifications. 

The following seven noteworthy modifications of the substantive 
appear in Passamaquoddy : 

I. The so-called obviative or accusative-ending of the third person 
occurs only when the animate noun stands in connection with a verb 
or possessive pronoun in the third person. There is no inanimate 
obviative. This accusative, which is peculiar to all the Algonquin 
dialects, is denoted in Passamaquoddy by -/ in the singular, and in 
the plural often by the absence of any ending, or by -o. The fol- 
lowing instances will suffice to illustrate the application of this form: 
(a) zenimial hauszi'’l, ‘he sees the horse,’ but k'nimia hads, ‘thou 
seest the horse’; (b) z^''t-adsz'i''l, ‘his horse’; pi. zc't-ads, ‘his 
horses’; zvikzi’i'ts'I, ‘his mother’; pi. zi'ikzi'us, ‘his mothers’; (c) to 
express a dative relation: zv’ imlan haoszcl skitdpyil, ‘he gives (him) 
the horse to the man,’ but k'milcn hads, ‘ I give thee a horse ’ ; cf. 
also in the participle: ndtdchil, ‘those who hear him.’ As to form, 
note the sing. obv. skitdpyil, ‘man’; muinyil, ‘bear,’ but pi. 
skitd'pihi; tnuini: liadso; mitso, ‘moose’; ma‘tekzvcss-o, ‘rabbits’; 
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zcd'sis, ' children ' ; hamz^'cs, ‘ bees.’ Note the double obv. ending in 
ep'siyil, and also regularly cp’sl, ‘trees,’ from ep’s. The obv. pi. is 
irregular in the demonstrative pronouns, which are inflected as fol- 
lows ; zi'utj ‘ this ’ ; obv. sing, zz'ut'l, and zcaliat; pi. an. zi’Ut'k; obv. 
zi'iitihi (often zcahat) ] pi. inan. zciit'l; \ut, ’this’ (nearer); obv. 
sing, yut'l, and yahat; pi. an. yiikt, obv. yu'tilii (often yaJiat) ; inan. 
pi. yn't'I; na, ‘that' (indeclinable); ni, nit, ‘that’ (nearer); obv. 
sing, iii't'l, and nikit; pi. an. nikt; obv. niliit (rarely ni'tihi) ; pi. 
inan. nilt'l. The distinction between the singular and plural ob- 
viative is often not observed, even in nouns and verbs. 

This case frequently appears as the subject of* a sentence. 
pechihalina zz’'skinosis'k z/nichulkzSl, ‘then conies the lads’ uncle’; 
mach’kozvditit pescsinoz^’i nisuniatichiki, ’as soon as their star-hus- 
bands have gone away.’ Sometimes the obviative is omitted entirely : 
.zi''nck}an Idmp’kziinosira'csts'k. ‘he leaves the water-sprites'; a 
fairly common phenomenon. The obviative frequently appears in 
verbs: zcitCipckaindspcnihi, ‘he was a friend to them.’ 

There is no trace in Eastern .Algonquin of the so-called sur- 
obviative or third personal accusative of the Cree and Ojibwc. 

2. The locative-instrumental is expressed by -k; pi. -iki'tk, which 
has the force of a number of English prepositions; viz., ‘at, by, 
from, in. into, on. to,’ according to the directive force of the verb 
with which it stands in construction: Pcssank. ‘at Bar Harbor’; 
kozvas'k, ‘ by means of a log,’ a common locution ; Zx.'cchi-notcjat'zviil-to 
zi/tnn’k. ‘they crawl out of his mouth’; nwskcsl'fo paskdn’z^'iknk, 
‘ he crawls out of the pits ’ : zPikzvCiin’k. ‘ in ’ or ‘ into the house,’ 
according to the sense of the verb; kozcdsiiok. ‘on a log’; k’m'tki- 
nans'n’k, ‘to our land,’ etc. The locative -k is regularly inflected 
with the possessive sufifi.xes as follows: nt'm'Ink'nk, ‘on mv axe’; 
k’t’mluk’n’k, ‘ on thy axe ’ ; zPt’m’luk'nk, ‘ on his axe ’ ; k’t' m’hik’n'n’k, 
‘on our axe’ (inch ) ; nt’in'Iuk’n'n'k. ‘on our axe’ fexcl.) ; k't'm'hi- 
k’n’zPk, ‘on your axe’; zPt'm'hik’n'zPk, ‘on their axe.’ 

3. The vocative element -tuk as in nitapctiik, ‘O my friends’; 
zvdsistiik , O my children, used only w ith the plural, had originally 
a dubitative meanings ‘as many as there are.' This force is still 
existent in Cree and Ojibwe. 
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4. The possessive suffix -m contains the same demonstrative ele- 
ment as the -m of ncg'iii, ‘he, she, it’: nt-aasm, k't-aas'm, ‘my, thy 
horse,' etc. 

5. The diminutive -sis is very common: t' mink' nsis, ‘little axe’; 
pilskzcesis, ‘girl’ (pil, ‘ young ' -j- .f/crcc, ‘ woman ' — , etc. 

6. Here must be noted also the movable future -ch. which may be 
affixed indifferently to nouns or to verbs: k’n'imiol-ch, ‘I shall see 
you.’ but ziikzsam-cli iiiniiton, ‘ I shall see the house.’ There is 
another more vivid future expressed by /;, ‘go,’ preceding the verb; 
k't'li-nim'wl, ‘I shall (am going tol see thee.’ 

7. Finally in this connection, similar to the -ch is the movable 
conditional particle -p, as nt'lhip’ii' p samakzcan' k skatuchi piskononok, 
‘we I excl.') should go upon the water, if there were no fog’; here 
with the verb, but tahalo-p kc'ku'-yali kzcilwatakzc, ‘ as if they were 
seeking something’ ikc'kzc). Sometimes this appears doubled: 
nil'p-lo nt-ctinn-nlszc'incn' p, ‘ I should take it along.’ 

So far as I am aware there is no interrogative state such as 
occurs in Ojibwe. As in a!! Algonquin dialects, the genitive relation 
is expressed often by means of simple apposition; ant niincskzc'k, 
‘road iant) of the spirits’: otcncsis zi.''ri-p'maus'zchi'zi’'k, ‘a village 
(otciicsis) of good people’: often, however, by the locative -k; 
sips'is’k skzvi't'fk, ‘birds of (ini fire’ (skzcul'k). Sometimes the 
genitive is indicated by the possessive relation : zc'skinosis zi’lii- 
chalkzv'l, ‘ the lad his uncle ’. 

As shown above, the dative is c.xpressed by means of the verb 
and obviativc substantive, if the verb is in the third person. 

THE VERB, 

The imperative is the simplest form of the verbal root, as is the 
case in most languages: thus: kzcaskzic, ‘run thou’; kzi’askzv’hikzi’, 
‘ run ye ’ : kzz'askzccch, ' let him run.’ 

The present tense is the main tense of the Passamaquoddy verb, 
as from it the future, conditional and past are formed by means of 
suffi-xes. In fact, it may be truly said that the present is the only 
real tense of the language. The present is often used for the past 
in vivid narrative. The following example of the present of the 



104 


PRI^XE— MORPHOLOGY OF THE 


[April 25, 


intransitive stem p’>nauso-_, ‘walk, live’ prolongation + 

alls, ‘live’), will suffice to show the combination of this intransitive 
form with the pronominal elements: np'rnaus, ‘I walk’; k’p’maus, 
‘thou walkest’; zi' p’mauso, ‘he walks’; ‘is walking'; k'p'maiis- 
ip'n, ‘we (inch) ] np’maiis-lp'n, ‘we (excl.) walk’; k'p’mans- 

Ppa, ‘ you walk ’ ; zi’’p' mans' zi’k, ‘ they walk." Note also the participle 
p'muiso, ‘he is in the act of walking’; kzcen-ausit, ‘as long {kzi'en) 
as he lives,’ or ni si-eli-p’mausit, ‘all the time (nisi) while (eli-) 
he lives.’ Sometimes the singular of the intransitive verb ends in 
-in: n’kzi'dskzi'in, ‘I run’; (k')kzadskzi:in, ‘thou runnest'; zi’’kzvask- 
zi’in, ‘he runs.’ 

The combination of the pronominal elements with the transitive 
verb is the most difficult feature of the language and is sufficiently 
illustrated by the following paradigms and scheme of prefixes and 
suffixes. Note that all forms marked in the following schedules with 
a single asterisk are indefinite; those with two asterisks show a 
dative force (cf. We — Thee, Inch in the Paradigm) ; forms with 
three asterisks have both indefinite and definite force, while all 
forms not designated are definite. All forms in Italics are negative 
and must be preceded by the negative particles kat, katama, skat, 

‘ not.’ All forms in Roman are positive. The -ep, -p, -s, -epus 
forms in parentheses indicate the imperfect or conditional-subjunc- 
tive. Ind. — Indefinite ; Def. = Definite ; P: — the Imperfect (Past) ; 
An. = Animate; Inan. = Inanimate. All forms in Roman are 
positive. 

P.\R,4DIGM OF RIM— “TO SEE.” 

I — Thee: k'nimiol(-ep) ; k'nimidlo(-p ; -pus). When the verb-stem 
ends in -1, as mil, ‘give,’ this form becomes k’milen. 

I — Him-Her:^nimia (-p) ; nimidzz-i (-p; -s). 

I — It: Ind. nimi'to (-p’n) ; nimitozd i-p; s). Def. nimi‘ton(-ep) ; 
ninntozz’iin (~ep). 

I — You: k’nimiolpa (-p) ; k'nimiolo' pa(-pus) . 

I — Them (An.) : Ind. nimia ; nimiazmzvu (-p). Def. nimiuk ; P. nimia- 
penik; nbniaziiz^ntk ; P: nimiazi'izvdpcnik. 

^ In this verb, the forms: nimia, nimi'to, ninii'ton’l stand for n'nimia, 
n’nimi'to, etc., with the prefix n’ of the first person, assimilated to the n of 
the verbal root. The second personal k’ also assimilates to a j^-stem: kzvds- 
kwin, ‘ thou runnest.’ 
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I — Them (Inan.): nimi‘ton'1; P: nimi'tonepenil ; nirn'i'towiinul ; P: 
ninti‘tozi'unepenil. 

Thou — Me:^ k'nimi-h-i (-p;-pus); k’ni>nihki'i{-p). 

Thou — Him-Her: k'nimia(-p); k’ttimidzi'i(-p). 

Thou — It: Ind. k'nimito(-p) ; k'niim‘toii'i{-p) . Def. k’nimiton- 
(-ep) ; k’ nimi'tozi'iin (-ep) . 

Thou — Us: k’nimiap’n(-ep ; -es) ; k’iti)iiiazi'tp'n {-ep). 

Thou — Them (An.) : Ind. k'nimia; k’nimiazi'izju. Def. k'nim'mk; 
k' niniiazdzi'uk ; P: k'nimiapenik; k’nimiazi’izvapenik. 

Thou — Them (Inan.): Ind. k’nimi'tonia; k'nimitozi'uno. Def. 
k’nimi'ton'l ; k'ninu‘tozvun'1. 

He-She — Me: nimi6g'n(-ep) ; nimi6g'zci{-p'). 

He-She — Thee: k’ninu6g'n(-ep) : knimwg’zvi{-p) . 

He-She — Him-Her: Ind. \v'nimia(ni zj’nimidn'i {-p’n). Def. 
w'nimial; P: w'nimiap’n; zi'iiiiniazi’iz^'ul; P: zc'niniiazznp'n. 

He-She— It: Ind w'nimi'to (-p) zi’'niini'tozci(-p). Def. w’nimi'- 
ton(-ep) ; z<.'')iiiiti‘tozz'un(-ep). 

He-She — Us: k’nimi6g'nen(-ep) ; k'niiiiiog’zi'inc)i(cp). 

He-She— You: k'nimiog'wu (-ep) : k'nimwg'zi'izini (-P)- 

He-She — Them (An.): Indef. w’nimia; zi''ni}jnazi'izi.'!i. Def. w’ni- 
miuk; P: w'nimiapenik; zi>’niniiazi'tzi'itk ; P: ZLniimiazv-izi'dpenik. 

He-She — Them (Inan.): \v’nim'i‘ton'l ; P: \v'nimi‘tonep'n ; zv'ni- 
inptdzi'uniil; P: zi-' nimPtozi'unepenil. 

We (Inch) — Thee: k'nimiolp'n (-opus) ; k’nimiolop'n ; P: k'nimio- 
lopop’n {-us), but note k’pechiptolnen(-ep) =Def. ‘we bring 
it to thee’; k' pcchiptol6>ien{-cp) . 

We (Inch) — Him-Her: Indef. k’niiniap'n (-ep) : k'uiniiazz'ip'n- 
{-ep). Def. k'nitnianen {-ep) ; k'uiniiazc'uicu (-£•/>); k'nimianna ; 
k’nimiazeinna. 

We (Inch) — It: Indef. k’nimi‘tonep’n(-ep) ; k’uiinitozcip'ii {-ep). 
Def. k’nimi'tonen (-ep) ; k'nimV tozi'incn {-ep). 


* The element -h- is a connecting consonant here. 

5 The »-form, really participial, is often definite; see note 9 below. 
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We (Incl.)— You:'* k’nimiolp’n (-ep and -opus) ; k'niniiolop'n; P: 
k'nimiolopop'n. This form has a similar dative combination to 
that in We (Inch) — Thee above, i. e.. k' — olnen; k' — oloiien. 

We (Inch) — Them (An.): Indef. and Def.' k'nimiannawa ; P: 
k’nimiannawapenik ; k'nimiazuiiinazca; P: k'nimiazcinnazi'dpenik. 
Def. k’nimiannawnk ; P: k'nimiannawepenik : k'nimiaubinan'iik ; 
P: k' nimiazciniiaz^'c peiiik . 

We (Inch) — Them (Inan.): k’nimi’tonenwul ; P: k'nimi'tonenepenil : 
k'nimitozi’hicn’zL'ul; P : k' nitnt tozdnenc pcnil. 

We (Excl.) — Thee, Him-Her, etc., differs from the above forms 
only by the n-preformative instead of the k'. 

You — Me:^ k'nimi-h-i'pa ; k'nimi-h-izz'P pa. 

You — Him-Her: Indef. k’nimia'pa (-p) ; k'nimiazvP pa (-p). Def. 

k’nimiawa (-p’n) ; k’iiiiniazi’izaa(-p)i). 

You — It (Indef.): k’nimit6‘pa(-p’n) ; k’ni)jiitozi'i'pa(-p'n). Def. 
k’nimitonia; P: k’nimitoniaspenil ; k'nimitozanno ; P: k'nbiii’- 
tozvizaaspcnil. 

You— Us k'nimi-h-ip’n (-ep; epus) ; k'niniiyazi’ip'n{-cp ; epus). 
You — Them (An.): Indef. k’nimiania; k'liinnazi'iyauia. Def. k’ni- 
miawa; P: k'nimiawepenik ;■ k'liiiniazaizan ; P: k' niniiazaizvcpcnik. 
You — Them (Inan.): Indef. k’ninii’tonia ; k'ninn‘tozvitno ; P: k’nimi'- 
tonepenil ; k’liinii’ton'zaizacpeziil. Def. k’nimi'ton’wul ; k’niniP- 
tozi'un’zaiil. 

They — Me: nimiognk; P: nimiogopenik;'* niniiog’zdzviik ; P: nimi- 
og'zvizcepoiik. 

They — Thee: k'nimirSgnk; P: k’nimiogopenik ; k'nhniog'zaizvuk ; P: 
k’nimiog’zi'izi'epenik. 

« Note that We-Thee is identical with We-You, no distinction being made 
here between the singular and plural object. Cut cf. They-Thee and They- 
You, where the distinction is made ! 

r Note the apparently arbitrary difference in vowel in the past: -wapcnik 
for the Indef. and -u-et'cnik for the Def. Observe that k'nimiannaiva is used 
both with indefinite and definite nouns. When the noun is not expressed 
k’Hunidnnazviik is used. 

® The o in -dpenik is plainly due to vowel harmony from the d inherent 
in nimiognk, but note the o in ■ti''nimi'tozciv.'upeiuk. ‘ they do not see it,’ where 
the o-vowel seems to be due to assimilation to the negative iv. 
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They — Him-Her: Indef. w'nimiania: P: w'nimiapenik; zc’nimia- 
zciyditia; P: zd'>ii)niazdizddpe)iik. Def. w'nimiawul : P: w'nimia- 
wapenik ; zc' niniiaz^izdul ; P: ZL''nwiiazcizddpenik. 

They — It: Indef. w'nimi'towuk : P: w'liimi'topenik ; zc'nimitozv'i- 
zdiil’ . P: zc' iiiiiii' { ozk'iZk opcnik Def. w'nimi’tonia ; P: w’nimi'to- 
niapenil ; zc'uijiii'tozdihto : P: zd'iiimi'tozduindpejiii 

They — Us: k'nimiug'n'wuk ; P: k'nimiog'nopenik ; k'liiiniog'zv'ni'zi'uk ; 
k'niDiiog'zdizcdpLiiik. 

They — You: k'nimi'jg'wuk ; P: k'liimiogopenik ; k'nimiogozz'lzvuk ; 
P : k' nuniogozdzdc pcnik . 

They — Them (An.): Indef. w'nimiania: P: w'nimiawapenik; Zi'ni- 
))iiazcazz. iydiiia : P: zc'nimiazdizz'dpcnik. Def. w'nimiawa or -wul: 
P : w'nimiawepenik : zd'niiiiiazd'izdii or -zciil : P: zo’nimiaiz'izi'dpcnik. 

They — Them (Inan.) : Indef. w'nimi'tonia ; P: w'nimi'toniapenil 
I -aspenil) : zo'nimi'tozz'iuw : P: zo'nimi'tozdiniidpcnil {-aspeiiil). 
Def. w'nimi'tun'wul ; zo'Hi)iii'tozi.'d)i'zz'nl ; P: w'nimi’tonwepenil ; 
zo'ui))ii’tozditiii'pcnil. 


P.\RTiciPi.\L Forms.* 

I — Thee: nimiolun: tayowe k’nimiol ; nimidlozz'un ; iayozce k’nimiolo. 
I — Him-Her: nimian : tayowe nimla; nimiinoizoun : tdyozoc tiiiitidzci. 
I — It: nimi'toan; tayowe ninii‘to(n) f niniP tozoizoun : tayozvc niiiii- 
^ The ;)-form seems to be optional. 

‘tOli'i. 

I — You: tayowe k'nimolpa ; tdyoioc k’nimiolo' pa. 

I — Them (An.);' tayowe nimiuk; tdyozz'c nimiazi’izi'iik. 

I — Them (Inan.): nimi'toannl ; nimitozoizi'anul. 

Thou — Me; nimihiyin : nbnihizviyin . 

* These forms arc used in subordinate as well as in hanging clauses; thus, 
nimiolun. ‘(when) I see thee,’ is also expressed by the finite construction, 
tdyoioc k'ltiiniol In many instances the purely participial form seems to be 
lacking, as in I-You, I-Them, etc. I believe, however, that there are participial 
forms for all the combinations; possibly forms which my Indian informant 
did not happen to think of at the moment. In the kindred Canadian Abenaki, 
it is possible to place purely participial forms for all almost all the possible 
phrases (Prince, Miscellanea Linguistica in Onorc di Graziodio Ascoli, p, 358, 
Ascoli Memorial). 
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Thou — Him-Her: k’nim'iyas nimian; nimiannyan. 

Thou — It: k'nimitoanes;^^ nimi‘toan; nimitozdiviin. 

Thou — Us: k’nimiyapenus nimiyap’n; niiniazi'ip'n. 

Thou — Them (An.): k’nimiuk; nimian(?);‘’ niiiiizc'iyan. 

Thou — Them (Inan.) : nimi’toanul; nimVtozi'izi'dtin!. 

He-She — Me: nimihit; nimihikzv. 

He-She — Thee: k’nimiog:^- k'nimiog'zvi. 

He-She — Him-Her: tayowe w'nim'ial; nimia'tit; nimiyaku’. 

He-She — It: nimi'toan; nimi'tozcizciin. 

He-She — Us: tayowe k’niiniog'nen ; k'ziiiniog’zi'tnen. 

He-She — You: tayowe k’nimiog'wti : k'nimiog'zck<.'H. 

He-She — Them (An.): w’nimia'tit zi''nimia‘tlkzv{?) . 

He-She — Them (Inan.): tayowe w'nimi'towul ; zv’nimPtozdzvid. 

We — Thee: tayowe k’nimiolp’n; tayonx k’nimioldp'n {-opus). 

We — Him: tciyowe k’nimianen or k’nimiap'n; tayozoe k'nimiazo'ip'n; 
nimiyazvin{-iis) . 

We — It: tayowe k’ninii'tonen ; tdyozoe k'nimi'tozvinen; nimi'tozv’- 
nezi'in (-us) . 

We — You: tayowe k’nimiolp'n; fdyozcr k’>iiniiol6p’n{opiis) . 

We — Them (An.): tayowe k’nimiannawuk ; tayozoc ni}nidzoaii(-6s- 
penik). 

We — Them (Inan.) : tayowe k’nimi'tonenwul : tdyozoe nbni'tozv- 
nezznn{-dspcnil) . 

You — Him-Her: tayowe k'llwau k’nimiyawa: tdyozoe k'nimiyazoizoa. 
You — Him-Her: tayowe kihvau k'nimiyawa; tdyozoc k'nimiydzcizoa. 

The ending -s is common in the past (cf. We-Them, participle) and 
may often be substituted for the characteristic -f, or even combined with it, 
as -pus (We-Thee; We-You). I suspect that k’nimiyas, k'nhni'lodnes, k'nimi- 
ydpenus are really past forms here; i. e., that my informant understood the 
English ‘see’ in the past sense, following the New England dialect of English 
where ‘ see ’ = ‘ saw.’ The uiiman-iorm, which is purely participial, seems to 
be indeterminate, as it means ‘ I seeing him,’ ‘ thou seeing him, them.’ This 
is also the case with Abenaki namihoan, namitoan. 

Finite forms; uimi'toan and nimiydp’n arc the real participles. 

12 Note absence of the finite -n; k’nimiog'n, ‘he secs thee.’ 

12 It is strange to find the Tt'-prefix before a participial form; cf. They- 
Them in this list. 
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You— It: tayowe k'nimi'tunia ; tayozce k'nimiton {-iaspenil) sic! 
You — Us: tayowe k'nimihip'n; tayoice k'nimiaziip’n. 

You — Them: nimiowuk ; nimioii'hi'uk . 

You — Them (Inan.): tayowe k’nimi'tonia ; tayoice k'nimitozcunzLnil. 

They — Me: nimihiyoguk nimihiog' Zi'lZi' Ilk. 

They — Thee: tayowe k'nimiognk: tayoice k'nimiog'zi'izi'iik. 

They — Him: tayowe w'nimiawul; tayozce zc'niniiazi'izi'ul. 

They — It : tayowe w'nimi'tonia : tdyozce z^'nimi'tozvuno. 

They — Us: tayowe k'nimiog'n’wuk ; tdyozce k'nimiog'n'zcinzi’uk. 
They — You: tayowe k’nimiog’wuk; tayozve k’niniiogozi'izvuk. 

They — Them (An.) : tayowe w'nimia'titit'® or nimia'tit; tdyozz’e 
zv’nimiazi'!zz'ii. 

They — Them (Inan.): tayowe w'nimia'totit ; tayozce zv’iiimi'tozvun’- 

Zi’Ul. 

P--\SSIVE. 

‘I am seen,' nimiuguk (=‘'tliey see me') ; (katama) nimiog'zinzi'uk. 
‘Thou art seen,’ k'nim'iuk (katama) k'nimiokiu. 

‘He is seen,’ w'n’mikw'so; (katama) zi.'’iiimikza'sin. 

‘We are seen,’ k’nimiokep’n : (katama) k'nimiokcp'n.'^' 

‘You are seen,’ k’nimiokepa ; (katama) k'ltimiokcpa. 

‘They are seen,’ nimikw’s’wuk ; (katama) iiimikzi’’sizmyik. 

‘To FI.we’ (an. onjECT sing.). 

‘I Iiave,’ nt-i-wa (-p) ut-i-yizi'dzi'izz' (-zcip'n). 

‘Thou hast,’ k’t-i-wa (-p) ; k't-iyizcdzaizi’ (-zcip'n). 

‘He has,’ w’t-i-wul; P: w’t-i-wap’n or w’t-waspenil ; zc't-i-zz'azvizvnl; 

P: zv’t-i-zvazaip'ii : but w’t-i-yowan, ‘he has tliem.’ 

‘We (Inch) have.’ k’t-i-wap’n (-cp) ; k't-i-yizz’azi'ip'n (-ep). 

‘You have,’ k’t-i-wa (-pn) ; k't-i-yizadzcina (-p’n). 

This can hardly be correct as a negative form. It seems to be a past 
form, owing to the -s- in -dspcnil. 

1= Apparently a pure participial formation. The finite form ' they see 
me ’ = nimidguk. 

Apparently a pure passive. Note the finite k’nimioguk, ' they see thee.’ 
It is strange to find no distinctively negative form here. 

IS Probably should be nt-i-zcap'ii, kt-i-zcap’n in the past. 
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‘ They have,' Indef. w't-i-yania ; P: \v’t-i-yapenik ; z^’'t-i-yiyazi'iyibna. 

Def. w't-i-ya\vul : P: w’t-iyawap’n , ti.' t—l\‘ 0. , 

' To Have’ (ixax. object also = ' to be 'j. 

n’t-i-yin (-es; -ep'n). 
k't-i-yin (-es; -ep'n). 
w't-i-yin (-es; -ep'n). 
k't-i-yip'n (-es; -ep'n). 
k’t-i-yi‘pa (-es; -ep’n). 
w’t-i-yinia; P: w't-i-yipenik. 
w't-'i-v’ul; P: w’t-i-yipenil. 

‘Irregular Elements of “ To H.we " and “ To Be." 

Third Person Singular: al-ech, ‘let it be'; el-e-sin, ‘where he 
is ’ ; eyik, ‘ he ( really ‘ it ’) is ’ ; eyit. ‘ where he is ' ; el-eyit, ‘ where he 
is'; el-i-y-ij'il = obviative of eyit; eyin. ‘it being’; meskw nit 
el-i-nook, ‘before this is so’ (neg. tan ot'l-i-yin,-^ ‘however it 
may be ’ ; ch'wi-I-eyo, ‘ it must be ’ ; w't-ach'wi-t-iwal, ‘ he must have 
it’; kis-iyit,-- ‘it having been’; w’-kichiyawi-wanyogonia, ‘ they 
have enough of it.’ 

Third Person Plural: m'si ayale, ‘all who are’: eyoltitit, ’they 
being’ (reflex.) eli-y-oltitit, ‘as they are’ (reflex.); el-igek, ‘they 
who are’; etutek, ‘they being’; eyilit; obv. cyilijil. ‘where they 
are’; iakw, ‘where they are’; weji-ya-witits, ‘where they were’ 
(with -s = Past). 

SCHEME OF VERBAL PREFIXES AND SUFFIXES 

Me. Thee. Him-Her. It. 

I k — ol, -el (-en) n — a, u * n — to 

k — olo n — atvi * n — forct 

n — ton 
II — tozi'un 

Note c for i in el-c-sin, cxik, eyit, due to vowel harmony. 

‘ he has taught me ’ 

Meskw, which is used in the sense ‘before,’ really means ‘not yet,' and 
therefore takes the negative verb. 

Note the phonetic / before the vowel root and the connecting -t- be- 
tween the prefix and the /. 

Kis, ‘already,’ is the sign of the perfect tense; thus, nkis-ake‘kimkon, 
‘ he taught me.’ 
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Thou k — i 

k — !Zi i 


k — a. u 

k Q lxZI 

* k — to 

* k tOZL'i 

k — ton 

k — tozcuii 

He-She n — gon, g'n 
n — g'n'i 

k — gon. g'n 
k — g'z>.'i 

*\v' — a(n) 

*zc’ — aiz'i 
w — al 
z< — axiictd 

*\v — to 
*a.' — toz^'i 

\v — ton 

•a.' — tozi'iin 

We (Incl.) 

*k — olp'n 
*1: — olop'n 
— olnen 
k — o’oncn 

* k — ap’n 
k — ate ip 'll 
** k — anen. anna 
k — ctziincn, 

iiroiii/ia 

* k — tonep'n 

* k — tozYip'ii 
k — tonen 

k — '(Million 

We (Excl.) • 

*n — olp'n 

*)l — 

**n — olnen 

It — oloiu'ii 

* n — ap'n 

* i; — az^ip'n 

n — anen, anna 
n — itt^’inen, 
ci:«.'/'a;/a 

* n — tonep'n 

* II — tozcip'ii 
n — tonen 

i; — toz^'incii 

You k — i'pa 

k — iwi'pa 


* k — a'pa 

* k — az%:i‘pa 
k — awa, u 

k — iizcizca (u) 

* k — to ‘pa 

* k — tozi'i'pa 
k — tonia 

k — tozL’iino 

They n — oguk 

n — og'zcizctik 

k — oguk 
k — og’zfiZK’uk 

*\\ — ania 
*zi’ — ozz'iYania 
\v — will 
ic — ciii'keu/ 

*\v — towuk 
*:i’ — tozi'izz’uk 
\v— tonia 
ti' — tozz’uno 

Us. 

I 

You. 

k — olpa 
k — olo'pa 

Them (An.). 

* n — a, u 

* 1 / — az^'izi'ii 
n — uk 

II — azcizi^'iik 

Them (Ixan.) 

*** n — ton'l 

II — tozi'un'l 

Thou k — ap'n 

k — azi'ip’n 


* k — a, u 

* k — azcizz'ii 
k — uk 

k — GZi'tzciik 

* k — tonia 

* k — tozz'uiw 
k — ton'l 

k — tozz'un’l 

He-She k — og’ncn 

k — og’u'inen 

k — og’wu 
k — og'zi'hvit 

*\v — a, u 
— azz'izvu 

***\v — ton'l 

ZX! tOZi'llll'l 


\v — uk 
K' — azi'izt'uk 
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[April 23, 


We (Incl.) 


k — olp’n 
k — olop'n 
**k — olnen 
**k — olonen 


* k — annawa *** k — tonen'wul 

* k — aii'iin’azi'a k — tou’inen'wul 

k — annawuk 

k — azcinnaii'nk 


We (Excl.) 


*n — olp'n 
*>i — olop’n 
**n — olnen 
**n — olonen 


* n — annawa *** n — tonen’wul 

* n — ati'innazea n — towinen’wu! 

n — annawuk 

n — azi'innazi uk 


You k — ip’n 

k — au’ip'tt 


* k — ania or 

* k — awa 

k — awiuiyaiiia 
k — awu 
k — Qzeizi'tt 


* k — tonia 

* k — tozi’uno 
k — ton'wu! 

k — toi'zi'un 'ziul 


They k- — og’n’wuk k — og’wuk 

k — og’u'in’zvuk k — og’zi’iv.nik 


*\\- — ania 
— azi'iya nia 
w — awa, u 
ze — ozvizviil 


*w — tonia 
— toii'uno 
w — ton'wul 
li' — tozi'un'ziul 


A study of the above forms will indicate that the main points of 
difference between the indefinite and definite combinations lie in the 
third person singular and throughout the plural. Although, as 
pointed out above, there is really only one tense, the present, there 
are certain endings which may be affixed to denote the past relation 
and the conditional-subjunctive. Thus, the -/>, -cp, p'n and -^-ele- 
ments are used for the past and conditional-subjunctive alike, and 
even appear in combination together, as p’s; cp’s; op’s. A careful 
distinction must be made betw'een the past-conditional -/>’« and the 
-p’n of the first person plural as seen in Thou — Us and also in the in- 
transitive verb as given above. 

There is also, as shown, a passive voice, the distinctive element 
of which is -h, -s and in combination -kzo’s. Note also the passive 
forms vi’skowa, ‘he will be found’; zo metapcksin, ‘it is finished’; 
milkonia wds'is'l, ‘ they are given to the child ’ ; zveszvcpJwgonia, ‘ that 
they be taken back’; notakzv'sianp’n, ‘I was heard’ {not-'); kitzoi- 
tasso, ‘ it is called.’ Sometimes a reflexive is used for a passive : el- 
okelit, ‘ what was done.’ The reflexive, not indicated in the i)ara- 
digms, is expressed in various ways; e. g., by an insert; zo'ni’tya- 
yezi’’Mt-el-hi^ ‘as if they w^ere playing together’; kiniv-el-uszi’iu, ‘it 
shows itself’; nt'li-kisi-kzvcdp-el-es, ‘I will change myself.; mache- 
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' as Sl"jii as they have gone off together,’ etc. Motion is 
exyre'Sc.! 1i_\- pci'I:-: ' fL'chiyan, ’when I come'; zcp'diitakaiy ‘he 
seials h:m : pL\-i:i-paidjtii,af. ‘he is always desirous'; pcchipha, ‘he 
brings hiini,' etc. 

' Must ' is expressed by tlie insert ach'id: zc' t-Lich'zdi-sakitoii' 1 , ‘ he 
must rule': anil in the future: k'f-dch'zd-fii-zdcliiy'iy ’thou shalt 
be I t'k - 1 conipelled to take heart.' 

Desire is indicated hykti-: zd'k'tl-iitDiiap ‘he wishes to see him’; 
k't'i-L.d' kdit, ' what lie wishes to do.' 

There arc many other such particles too numerous to mention in 
an article of iliis length. 

As m all other Algonquin idioms, in the combined forms, the 
second pcrsoin always takes i>recedence over the first and the first 
pers' n over the third. Thus, in the forms k'liiiniol, ' I see thee,’ 
where the second pef'On is the object and in k'nimuip'n. 'you see 
me.' where tlic .'cconJ person is the subject, the .second personal ele- 
ment Cl mes first. In such forms, however, as niuiia. 'I see him’; 
niihl'to. ‘ I see it.' the first person appears in the first place. 

The sign of the negative is the infixed H-vowel which, as shown 
al'uve. frequeiuly appears as o and often as to. 

The ii'C of the participle is most varied. Thus, it may take the 
place of the relative form tis uit pazdPIkzdak. ‘this is what is wanted’ 

( passive indicated by -kzd i, or it may be used to denote the action of 
the verb governed by a prepositieui Zdcchi-niiniohtn, ‘in order for me 
to see thee.' or else it may be employed as a conditional: ‘if’ or 
‘when I 'ce thee ' = nh/ffu/a;/. The negation of the participle is 
funned in the same way as the negative of the finite forms, ttc., by 
infixation of n. o. to. 

-\nv noun mav be verbalized by the ending c-: zi.' skitap-c. 'he is 
a man ’ : by i: tan etuchi za'skitapezai, ‘ so long as he is a man ; 
hy-ezaiil: za'skitapczdil . ‘he becomes a man’; also by participial end- 
ings : za'skitdpczait. ‘he who is a man’; or by -{Zi')clcso: ze'skifape- 
zaclcso, ' lie becomes a man. 

Tracticallv all the rassaniaiinoddy verbs are conjugated after the 
above model, most of the ininor variations which occur being due to 
jihonetic peculiarities. 

PROC. AMhR. PHIL. SOC. , UIL 213 H, PRINTED Jl LY I, I9I4. 
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NUMERALS. 

The numerals up to five present three forms; ii:.. a form used 
chiefly in counting, and adjectival animate and inanimate forms, as 
indicated by the following list. There is no trace of peculiar numer- 
als used only with certain classes of substantive, as. for example, 
with round objects, etc., such as occur in Ojibwe. 



In Counting, 

Animates. 

Inanimates. 

one . . . . 

acA’te’t 

peskz^’j obv. -V 
/'WvAw ‘ one. each ’ 
occasionally ; nc!:zj.’t 

peskzz’ 

occasionally : j:ek 

two . . . . 


oliV. . JUSO 

i Is,:'! 

three .. 


obv. n'hO 

Vkz^'il'! 

four . . . 


ncii'uk 
cliv : iiczi'.} 


five 


}hln'zi-'k 
obv. : ;uT/^;5 

nCni'zi’l 

six 

.... kamdehin 

kaniacliii’-kcsz^nk 
c>bv. ~kcs~> 

kanidchiti-kcsn'l 

seven . . 


’Iz^-ik'ii'k-kcsz^'tik 
oI)V. -kcslj 

'Izzik'n’k-kcsii'I 

eight ... 


'km’'!chiii-kcs-^uk 
obv. -ki'so 

'k"inlcl!iii-kcsn'l 

nine . . . 

. . .cskzi/ndtck 

1 ut' ni.itck~kcszKtik 
'■'hv. -kesd 

cskzz'iidtck-kcsn'! 

ten .... 

m’tuVn 

m'tnr}i-kcsz.:iik 
obv. -kesd 

in'fuhi'-kcsn’I 


From eleven to fifteen, the numerals are fnrme'! fimm th.e tens 
by affixing for the animate and inanimate -aiikos.i-z^iik : aul:nso : 

a)ikosoz^'l, resjicctively : nisdiikostn.'iik skitaxik. 'twelve men’; 
jisii}ikoso~ti Ilk f ob\ . } ; inan. -tv.’ /. * thirteen ; iicz^'unko- , ' four- 

teen, . naiiaiiko, fifteen. From '-ixtcen to nineteen the afh.xed ele- 
ment is -kesduko: kanidchin-kczdnkosoz^'uk fobv. -kcsdiikoso i ,• inan. 
-kcsdiikosoz^'l . etc. 

From twenty on. the cardinal elements are as follows; iiis'uisk-. 
‘twenty’; iis'uisk-. ‘thirty’; iwnzjiiisk-. ‘ fortv ’ ; iiiin'uisk-, ‘fift\'; 
kciiiidiJuii~kcs'ui-Zfz-, sixty ; h^ik ii-kcsliisk, ‘ -cventy ' ; 'kiu 'JcJiiii- 
kes'uisk, eighty ; c.zkzc iidtek-kcsiii.-'k, ' ninetv' ; iickz^'' tdf kzc-. ' hun- 
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(irei!.' 'File animate ana inanimate iluraU are made from these 
fijrnis liy affixing the element: animate -hc'kzc'sozcuk i obv. -ke- 
■/tte'oiT i ,■ -kc‘ kz^'-sozi.''! , as iu'oz^\i!sk-kc'kz^''soz^'tik skitapyik. 

■ fort}' men,' etc. 

Tile ordinals, with the exception of aii!sk'z^\;s, ' first,' are formed 
frccii the cardinals by aduling -cteef i iiisczcPi. ‘second': nltcctccf, 
‘third.' etc.i, until tenth which is iickzc'tiiiskezcci. To the element 
-aiiko oi the -teens is added the ending -z^'lZJc'i: iicoz^'jiikozccz^'ki. 
‘fourteenth,' and to the emling -k;sk is adided -ekrz^'ci: as iiisiiiskc- 
kt'z^'ci. ‘ twentieth.' 

Tile numerals are usually inflected adjectivally precedung their 
substantives, but they may be used indeclinably. as cskzc uatek- 
kcsr'k'iiiil. ‘nine days.' 

The folli.iwing love-s^ng will serve to illustrate both the present 
musical style of the tribe, wliicli is undoubtedly influenced by the 
Roman Catholic Gregorian chants of their missionary priests, and also 
the construction of the language. It .'•hc.iuld be notetl that the last 
syllable fi of the song must be prolcniged as much as possible, and 
finally allowed to end with a rapid cx]'iu!sii.in of the breath, this is the 
so-called “die-away" which is a characteristic of much of the 
American music. 


Prski k't-cl-apin chiil-iu'U'inzJk 
I.'inoly tlioii lonkest lip-stream 
Jlhn'i-sikzcak-lo la kz\.\'i k' iiz^i-l ok-!o 
In sprin.e and in aiilimin ; 

Cliiptiik k’nimihi-sa kzaUakzacyiin 

Perhaps thuu mayi'st see me seeking thee. 

Kuzacnodhi I : kinaknodin i. 

It is lung O: It is lung O' 
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L I iMMLXTARV. 

Ill tile '''‘iiy:. riV.V' i- aSiverPial from ’one: lonely': 

— -(.con.i ] er.'i'ii — tlie inlixeel -t- before a vowel -}- el, 
tlie eleir.c’it r-f prolongane.-.i. ‘ th-on art el.jing it' — a/’, ' look ' the 
i;uran?iiive ie. .~een abrive in the Ci.njugatirin of kieuskie. 'run'; 
chi:i-)te'ei:.ze'.k : 0.';/.! = ' being ; while t'nere ' — nc^cv.neik^ which also 
occurs in tlie form lut: n.itk. 'ho.wing the iiuletenr.inate vowel = ' up ' 
— liere jnoiibablv ' up-stream ' : eiuii-siki^ak-'.o: eliiti. liere, =' during ' 
~s:k:ee;k. a musical preilongation of s'lkie'k. 'in spring' — /a, the 
asseverative particle: tekzeak'iizJ-Iok-^i: takzeak'ii, ' autumn,' -A the 
adjectival -to;'— t’ne verbal inan. -/o/c — the asseverative -!o: chip- 
/a/o, prr.bably contams tlie same element as the future -c/i-Athe 
Verbal p't — thc inan. participle -;//v’ = 'when it may be': k'nuni- 
hl-sa, 'thou seest me' with the conditional -oj.' kzei!akiei\iiii ■ kieil, 
‘ seek,' — the formative ak — rze liyitii. participial. = I — Thee; 
kuzeenodiii U: kzeeii. 'he long.' the intransive endings -(0)di)i^ 
the exclamatii'iii I' = '(.)h.' 



DISCUSSION OF "A KINETIC THEORY OF 
GRAATTATION." 

( Plate I. ) 

By CHARLES F CRUSH. 

( rU'aJ Ar-'i! i 

I. Gkavitatiox is Due to LvxRrx.'ic E.\t.ki;v rn- the Eiiier. 

At the hlinneapolis meeting of the American Association for ih.e 
Advancement of Science I hail the honor t-j outline " A Kinetic 
Theory of Gravitation."’- which is in substance briedy as follitws: 

The ether is assumeil to b-e endoweil with vast intrinsic kinetic 
energy in wave form of some sort capable of motive action on 
particles, atoms or molecules of matter, and propagated in every 
conceivable direction so that the wave energy is iM'trii[iic. The 
waves are of such low frequency, or otherwise of >uch character, 
that they pass through all In.i'lies -ivithout obstruction other than that 
concerned in gravitation. Distribution of the ether'.' energy i> uni- 
form throughout the universe except as modified by the prc'cnce of 
matter. 

At' 'ins or particles are imagined to be continually buiTeied in ;dl 
direction^ by the ether waves like particles of a precipitate sn'jicnikil 
in turbulent water. There tire no coili^ion' becaU'C neighb'-iring 
particles follow very nearly parallel jiatlis. 

Each particle or atom of matter is regarded as a center of ac- 
tivity due to its energy of traU'lation initially deri\ed In mi the etlier. 
There i- continual absorption ami restitution of the ether's energv, 
normally equal in amount: but the ether is permanentlv rubbed of as 
much of it.' energy as is re])re'Cnted by the mean kinetic energv nf 
the particle or atom. The particle or atom thus has a held of inllu- 
ence extending in all directi'ms. or ca-t' a .spherical energv shadnw, 
so to -peak, the deptn or oeii'ity of the shailiiw var\ mg w ith the 
inverse -quare of distance. The energy shallow of a bodv of matter 
Science. ^Icirch lo, loii'. StiiiiKc, ^vl^irch 23. ]';ii 

lis 
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i? the sum of the shadows of its constituent parts. The energy 
sltad.rjws e.f two gravitating bodies interblend, so that the energy 
den>ity betw een them is le-s than elsewhere, and they are pushed 
towardi each other by the superior energy density, or wave pressure, 
on tile >id.e' turned a\va_\ from each other. 

Tiiat tile ether really G' endowed with vast intrinsic energy in 
some form or forms is the belief of many eminent physicists, and 
it seem-. t<i me liighly probable that all energv has its source and 
dc'tination in the etlier ; that is to say. that energy in all the various 
forms in which we observe it. comes in some way from the ether and 
is er.erg}' of tlic eiiier. This view does not in any manner conflict 
witii the principle of conservation of energy. 

In support of my ccaitention that etherial energy is the cause and 
C'scnce of gravitation. I wish to emphasize particularly, what seems 
to me an obvintis fact, that the energy acquired by a falling body 
c>'mes fri III! the ether, and is restored to the ether when that body 
undergoes negative gravitational acceleration. 

In this connection I cannot do better than quote Lord Kelvin’s 
description of the colli^ion of two very large bodies through the influ- 
ence of gra\ italii.'ii. In his " Popular Lectures and Addresses" 
( \'ol. I, 4T,V417 ) he says : 

" To list the ideas think of two cool solid globes, cacli of the same 
moan ilensit) as the earth and half the sun's diameter, given at rest, 
or nearly at rest, at a distance asunder equal to twice the earth's 
distance from the .'tin. They will fall together and collide in exactly 
half a vear. The collision will last for about litilf an hour, in the 
course of which they will be tran- formed into a violently agitated 
incande'Cein fluid mass living outward from the line of motion 
before the collision and swelling to a bulk several times greater than 
the sum of the original bulks of the twaa globes. . . . The time of 
iLiiig out would probably be less than half a year when the fluid 
mass must begin to fall in again towards the axis. In something 
less than a vear after the first collision the fluid will again be in a 
state of maximum crowdin.g towards the center, and this time even 
more violentlv agitated than it was immediately after the first col- 
lision : and it will again lly outward, but this time axially towards the 
])laccs whence the two ghabes fell. It will again fall inwards, and 
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after a rapidly subsiding series of quicker and quicker o^ciilatirn’.s it 
will subside, probably in the curse rif twij or 
/ three years, into a globular star of about tlie 

/ \ same mass, heat and brigl^t^es:^ our present 


/ \ Undoubtedly this is a substantially C'jrrect 

/ \ description of what would happen under the con- 

ditions named. The two cold Lo'lies would ac- 
1 quire from so]]ic source external to thcniscli es 
the vast energy represented by the heat of the 
I ! sun. heat sufficient to maintain the enormous 

1 ; solar radiation millions of years without sensible 

1 I diminution. And this vast accumulation of 

\ I energy would occur in half a year, largely in the 

\ / last feze days before collision. There is. to me. 

\ / no conceivable scairce of this energy other than 

\ / the ether. It may be argued that the two ccild 

bodies, as a gravitating system, initially pos- 
/ " \ sessed all this energy in the form of "potential 

/ \ energy of position." This is a most convenient 

/ \ expressiijn. but it affords no explanation of the 

/ \ source of the energy until, as I pointed out at 

the Washington meeting, we take tlie energy- 
'l endowed ether into partnership as an essential 
I part of the yvatem. Certainly the energy could 
■ > not be resident in the tuis cold nii iticmle'S globes, 
!: For a homely illustration, think of two gcjlf balls 
I joined by a stretched thread of rubber : they form 
\ j an attracting system and possess "potuitial 

\ / energy of position " or separation, but the en- 

\ / ^^'gy not reside in the balF, it is in the 

\ / stretched rubber thread. 

\ / Later in his description Lord Kelvin --avs: 

“If, instead of being at rest initially, . . . each 
Fxg. I. globe had a transverse vehreih- of three <iuarters 

i or anything more than .71 ) of a kilometer per 
second, they would just esca[)e colli^-ion, and would revolve in ellipses 
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t'r.cir C'" n'li'-'M-; CL-iUer of inertia in a periijii of one year, just 
graziny eacit < uiior's 'Uriace every liir.e they came to the nearest 
jMiir.r^ i.f tlie'.r orliii-." i Assiiniing of course that the globes were 
Sf.mcieut’.y rigiil t'z escape disrupticin by tidal fo.rcesA 

Tn aidi in forniir.g a mental picture of this last case described by 
Izsrd Kelvin, in which the two ."lobes fall togeth.er but do not 
colli'le, I liave ma.Ie a d'agram i Fig. i i of the two elliptical orbits; 
and: in order to ;how tlie globes of aj'preciable size, the orbits are 
nia'le very much leS' excontric than Kelvin's premise^ call for. The 
.globes arc sheswn at perihelion, just escaping collisicin. Of course, 
the globes in falling from aphelion to perihelion w'ould .gather the 
same amount of energy that tlicy did in the case of collision, where 
their motion was arrestedi and their kinetic energy was thus converted 
into heat : hut witliout colli-ic.n the va't energ}' acc|uired during posi- 
tive acceleration fmm a])helion to ]^erihelion would disappear during 
negative acceleration from perihelion to af'ltelion. and be transformed 
back to the etlier whence it came 

The stin and planets of the sdlar sysiom. and the planets and their 
satellites, hecaii'C i>f the exceiuricity of their orbits, continually go 
through the same kind of cycle described by Lord Kelvin, differing 
from that onkc in degree. For instance, the earth in its six months’ 
jia-'.'ige from aphelion to ]iorilieli(jn falls about three million miles 
toward the sun, and gains in orbital velocity about five eighths of a 
mile per second. It thus aciitiires new kinetic energy from the ether 
which, if it could he niauife-'te<l as heat, would he sufficient to evapo- 
r.'ite all the oceans, lakes, and rivers, heat the dry earth to vivid 
incandescence, am! vaporize iiiuclt of it; the earth would become a 
miniature .sun. .And all this energy is restored to the ether during the 
next Italf }ear while the earth is moving from perihelion to aphelion. 

With the idea in mind that a falling body gathers energy from 
the ether, and restores all of it to the ether when raised the same 
distance again-t .gravitation, by any nicans. homely examples are at 
once sugo-csted ; thus, a stone thrown upward atid falling again, does 
it in the reverse order, and a common clock pcndulnm goes through, 
and repeats the cycle with almost the regularity of a sun and planet. 

In the theory of .gravitation under discussion, the only new postu- 
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late is that some or much of the ether's intrinsic energy is kiiu'tic 
and consists of some sort of wave motion or energy dux, wlierebv 
a disturbance at any point in the free ether is ultimately felt everv- 
where else, diminishing in intensity, of course, with the inver~e 
square of distance from the seat of disturbance. 

It is not difficult to conceive of kinetic energv in the ether quite 
apart from matter. Radiation is one form of such energy, and when 
once launched in the ether it is persistent and quite independent of 
its source. Interstellar space is alive with wave energv radiated, 
from countless suns, and at points far removed from any single sun 
this energy is approximately i.'Otropic. Of course this known iso- 
tropic wave energy in the ether of space i^ far too feeble to plav 
any appreciable part in gravitation, and I call attention to it only for 
the purpose of showing that one sort of free isotropic wave energv 
in or of the eth.er in celestial s[)ace is already a known phenomenon. 

Probably the ether waves concerned in gravitatimi are not the 
transverse kind known to us. though it is not difficult to think of 
transverse waves of great amplitude, embodying great energv, and 
of 'Uch great length th.at they pass freely through all bodies without 
appreciably heating them — even electrical conductors. ( Incidentallv, 
we cannot be sure that the intrinsic energy of the ether does not 
impart some low degree of temperature to matter, because we kinDW 
of nothing in nature at the ab-olute zero of temperature or anv- 
where near it } It seems more likely, however, that the ether waves 
of gravitation are longitudinal, or otherwise consist in an energy Hux 
wdtich, b}’ reason ot its universal presence, has n<‘>t been made mani- 
fest except by gravitation. 

It is ea-y to understand how the supposed spherical field of influ- 
ence. or energ\ Miadow, surrr)unding an\' bodv of ntattcr may be 
initiated, but just how it is maintained inav never be known; though 
I hope to have something to say in this connection in a future dis- 
cussion. Hut that the held of influence actuallv is maintained seems 
certain ; gravitation itself is a demonstration of it. 

The simplest mental picture of the supposed field of influence 
wdtich I can think of is a spherical energy shadow, and I have en- 
deavored to make this conception visible in Figs. 2 and 3 as light 
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ihailcuv? cast by black s]'heres. Of course the shadows as here 
representc-il are enormously exaggerated. Plate I.. Fig. 2. represents 
a .single sphere and the adjacent parts of its spherical shadow. 
( thbviLaisly a bod.y of any shajie will cast a shadow substantially 
spherical 1 Plate I., Fig. 3, shows two neighboring spheres with 
tl’.eir shadows interblending. The greater depth of shadow between 
the spheres i-. clearly indicated, and it is into this deeper shadow 
tliat the two gravitating bodies are supposed to be pushed by the 
superior cnerg}' flux from right and left. 

t'omc curious and interc'iing secondary phenomena are sug- 
gested b_v this concejttion of the mechanism of gravitatiem. One of 
these may be described as follows: Imagine two bodies, such as 
those of Fig. I or Plate I.. Fig. 3. falling toward each other by reason 
of their miuiial attraction. They are continually accelerating, and 
ab'oriiing energy from the ether waves or energy flux pushing them 
toward each other, whereby these waves pass through and beyond 
each body sHulitly dnf'lcttd of tiu'ir energy, and thus offer less than 
normal resistance to the advance of the other body; that is to say. 
the energv shadow l.ietweeti the bodic', into which they arc pushed, 
grows deeper and deeper as they approach, not only because of their 
les'cning distance from each other, but also because of their increas- 
iiigl}' rapid transformation of energy as they gain velocity. And it 
does not mutter if the two attracting bodies differ greatly in mas', 
like the sun and a jilanet or the earth tmd a tennis ball, because they 
will eijually acquire momentum, and each will afl'ect the other in the 
manner described. StatctI concisely lliis means, if niy premises are 
tenable, that Newton's law of inveri-e s()uare-- is iicjt rigidly true for 
aeceleratiiig boilies ; but that for ])osiiivelv accelerating (approach- 
ing) bodies the force of attraction increases a little faster than the 
inverse siiuare of distance. The force of tittraciion instead of vary- 
ing as I D'- as it does for bodies at rest or in uniform motion, varies 
as I D'---’’’ for bodies accelerating in the line of attraction, wherein 
.r is a very small iiuantity which appears to varv with the rate of 
energy transformation or velocity of fall. When acceleration is 
negative, that is to say. when energy transformation is train the ac- 
celerating body to the ether, .r becomes positive. 
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Let u? consiiler the effect of x on a planetary oriiit: If the orbit 
is circular. .r = o because there is no change of velocity; but if the 
orbit is excentric. .r obviously grows in value aiiLl importance with 
the excentricity, though always equaling zer,', at aphelion and peri- 
helion. Fig. 4 illustrates the sun and a planet at aphelion in an ex- 



Fic. 4. 

aggeratedly excentric orbit. As the planet moves from aphelion 
to perihelion, normal attraction between the sun and planet is aug- 
mented by the po.-.itive acceleration of both a^ before explained: and 
while the planet moves from perihelion to aphelion normal attraction 
is diminished by negative acceleration. 

If I am not mi.--taken in my mechanics, the gravitational disturb- 
ance above described will slightly change the .shape of the orhit, and 
cause a continual advance in the position of perihelion hv advancing 
the line of ap'ides. Probahly the effect i.s ton small to he detected 
in the case of any of the planets of the solar system except jierhaps 
[Mercury, because of the small excentricity of their orbits; but the 
high cxcentricit) of [Mercury’s orbit possibly may reveal it. and I 
hope it may be found adequate tn account for some of the anoma- 
lious secular advance of the perihelion of [Mercury's orbit. [ shall be 
glad to have my astronomical frieiuls investigate this. 

The orbit of the moon is nut very excentric, but she movc.s 
toward and away from the sun almost the full diameter of her orbit 
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tvcry iiiuiiil!. IV-rhays the gravitational disturbance 1 have stig- 
ge_'tnl may aid in explaining sume of Iter more obscure motions; 
and I hojDe it will be f.'imd to Itave a slight accelerating tendencv so 
as to compensate the ^liglit ret;irding tendencv of which I shall treat 
in the second division of this paper. 

2. Tk.XX'MI.'.-IoX oF (dk.WnATXuX CaXXOT EE IxST.VXT.tXEoUS. 

Laphice at rirst sciugh.t to ex'ilain the .'ecr.lar acceleration of the 
moect's mean niotirn by ascribing to gravitation a rinitc velocity of 
propagation. Later he said a "The time of its transmission, if it 
Were sensible to us. would be particularly evinced in the acceleration 
of the moon's motioin I suggested this as a means of explaining the 
acceleration which i; oh^erved in tliis motion: and I have found that 
in order to sati'fy observations we must ascribe to tlie force of grav- 
ity, a Velocity seven milliriin of times greater than that of a ray of 
light. As the cause of due secular equation of the inouii i c i is now 
well under-lood, we may afhrm that the attraction is transmitted 
fifty millions of times more rapidly than light. W'c can therefore 
assume, without any apprehem-ion of error, that its transmission is 
instantaneous." 

I doubt if anyone who I'as bestowed careful tbougln on the sub- 
ject, in the light of pre.-ent-day plitsics. really believes this. To 
me, it is inconceivable that my change of I'osition, as I walk across 
a room, is felt among the fixed siars while I am still walking: but 
the justly great name and fame of Laitlace has stamped this dogma 
with the seal of tiuthurity. and for more than a cenlitry it has blocked 
the path of fruitful thought on tlie physics of gravitaiiun. 

Iloubtk'ss T.aiilace made no serious mathematical mistake in 
reaching his retnarkablc conclusion, but perhaps he erred in his 
choice of premises. He postulated" a "force" or " gravific fluid,'’ 
‘‘which rushes towards the sun with an immense rapidity: the re- 
sistance which the planet experiences from this current in the direc- 
tion of the tangent, he conceives to produce a periurbation in the 
elliptic motioti, like to the aberration of light." lie then applied this 

- “ System of the Vurld," Ilarte’s translation, Vol a, p. 302. 

“ Harte’s translation, Vol. 2 . notes, p. 490 
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conception to tlie case of the earth and moon I have cirk-avored 
to visualize La]jlace s conception in Fig. 5- io \\hich E rLp.e^euL; tite 
earth. Jf the moon moving in the dotted line orhit in the iliiev.i:oit 
indicated bv the large arrow, and lines XE the " gravitic fluid rush- 
ing from all directions toward the earth. The orhltal niLaron oi the 
moon contimtally carries her laterally against the stream of ’• gravmc 
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flnidi," whereby .-he e.xpericnccs a tangential retarding force, indi- 
cated hv the small arrow, just as if a le.s.s rapid flow of "gravitic 
fluid" came from that direction. I^el the line MF repi'e-ent the 
direction and value of the retarding force in terms of the centripetal 
force ME. Completing the parallelogram of forces, we find the line 
of the moon's attraction .shifted from ME to ME. Clearh- iliis 
would result in the moon taking an orbit in the form of a contract- 
ing spiral which would ultimatelv hriipg licr to tJic earth. .\t the 
same time her aetual velocity woubl continually increa-e 1 and her 
angular \elocit_v .-till more so) because of her falling totvard die 
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earth ; graeit}' Jirectly, ami the retarding force indirectlv conspiring 
toward this result. AA'ith the assuined velocity of light for the gra- 
vific fluid," Laplace found that the angular acceleration of the moon's 
motion would be millions of times greater than necessary to account 
for her known acceleration. 

I have thus outlined Laplace's conception of tlte mechanism of 
gravitation, ivhich led to his famous conciu-ion of viriuailv infinite 
velocitv of propagation, because I have not met with anything of the 
sort in tnodern text books of a.^tronomy or physics ; his startling con- 
clusion is known to ever} one, but his premises are generally for- 
gottc-n: ami further because I wi.sh to have it clearly in mind for 
contrast with what is to follow. 

Returning now to the theory of gravitation under discussion : In 
Fig. n. E represents the earth and .1/ the moon moving in the dotted 
line orbit in the direction indicated bv the large arrow, both revolv- 
ing abont their common center of gravity C. Instead of showing C 
well inside the earth's circumference where it belongs. I have shown 
it outside, so as to enlarge certain details of tlie diagram and thus 
avoid confusion of lines. 

The earth and moon are each supposed to cast a spherical energ}- 
shadow, or occupy the center of a spherical tiekl of influence, as 
already indicated, into whicli the other is puslied by the slightly 
superior energy-llux coming from beyond it. The strongest push 
of each is toward the densest part or orh/in of the shadow of the 
other. Thus, if earth and moon were stationary, each would be 
pushed toward the center of mass of the other. Cut while the 
shadow, emanating so to speak, from tlie earth at anv instant is being 
liropagatcd outward to the moon's orbit, the latter will have moved 
to fl/', and the earth will have moved to Clearly then, the moon 
at -1/' will not he pushed toward Jf', but toward TT, which is the ori- 
gin of the shallow into which it is being pushed. Tlte centripetal 
force M'E may he resolved into the radial component M’E' and the 
tangential component d/T equal to the displacemeitt of the earth’s 
center from E to E'. Clearly, the force M'P is an uccclcnitinc/ force, 
and bears the same ratio to gravity at that M'P bears to }PE'. 

If the velocity of propagation of the energy shadow equals the 
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velocitv of light, tlien the displacement of tlie cartli ' center iritnii E 
to £' will be about 5’ feet, and the tangential force M'P will be 
about one twentv-four-millionth of gravity at tlie distance of ttie 
moon. 

Obviously, this very small tangential force will tend to make the 
moon's orbit an expanding spiral of very small pitch ; but the vastly 
greater force of gravity will resist this tendency and nearly, but not 
quite, counteract it : the net etiect being an extremely dow lengthen- 
ing of the radius vector, and a very slight )\’taydatiosi of real as well 
as angular velocity. This paradoxical effect, of an accelerating force 
producing an orbital retardation, is explained by Sir George H. Dar- 
win in his chapter on tidal friction and the genesis of the moon.^ 

I have made only a very rough estimate of the secular retarda- 
tion of the moon's mean motion which this minute accelerating force 
will bring about, with gravitational transmission taken equal to the 
velocitv of ligh-t, but have 'atis.hed myself that it will amount to a 
verv few seconds of arc only, in a century : and I do not claim that 
the velocity of light is the velocity of gravitational propagation un- 
less the postulated ether waves are ultimately found to be transverse 
like those of radiation. I think it probable that they are longitu- 
dinal, or otherwise different from those of radiation. If this be true, 
the velocity of propagation may be several times greater than that 
of light, and the secular retardation of tlie moon currc'puiidingly 
less. 

I realize that any uncompensated retardation of the nujon's 
motion will add to the present outstanding uhjerved acceleration, if 
any; but am hopeful that the slight departure from Xewton's I:iw 
of inverse squares already suggested may. in connection with other 
motions of the moon, supply some of the neces'art' compensation. 
There is also a minute source of compensation, due to niminn 
through the ether, which I intend to con'idcr in another discussion. 

ClEVEL-\XIi, 

April, 1914 

^“The Tides,” Ui.ip. XVI 
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Three years ago I made a preliminary announcement liefore this 
Society^ concerning the fossil Horas of southeastern North America. 
I have, in the interim, completed a monograph of the e.xtensive and 
especially well preserved plants of the Lower Eocene, and it is some 
of the results of this detailed study that are given in the present 
ciinimunication. This work has been done under the auspices of the 
United States Geological Survey, to tlie director of which organiza- 
tion I am indebted for ])ermission to ]iublish the following prelim- 
inary abstract. I also wish to e.xpress mv great indebtedness to Dr. 
T. Wayland \’aughan. who has had general charge of the Coastal 
riain investigations and to whom great credit is due for their com- 
preh.ensive character. 

Physical Coxuitioxs Ixdicated by the Flora. 

There is no part of North America so favorably situated for the 
studv of the floras which preceded the present, extending backward 
' i'rnc. Atucr. Philos, hoc.. \ ol 50. No. ny), lOU. 
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to a time which marks the first recorded appearance of angiospcrnt', 
as that of the South Atlantic and Gulf states. Xo single part of 
Xorth America contains so continuous a series of Tertiary deposits 
carrying fossil plants. In this area are found abundant floras in the 
lower and middle stages of the Eocene, a small flora in the Upper 
Eocene, considerable floras in the Oligocene. some in the later IMio- 
cene, and rather abundant fossil plants in the Pliocene, as well as 
numerous Pleistocene deposits carrying fossil plants. The Rr,cky 
IMountain region is rich in Eocene fossil plants and there are sr.m.e 
IMiocene floras, but practically no Oligocene or Pliocene floras are 
known. The Pacific coast region likewise furnishes Eocene and 
IMiocene fossil plants but none of Oligocene age. 

The fossil floras of the Coastal Plain are found in an area where 
it is possible to attain to some measure of accuracy in predicating the 
general character and course of ocean currents and winds and other 
physical features of the environment. On the other hand the west- 
ern floras just mentioned grew in areas where vulcanism was great at 
times; in areas of great orogenic activity, where changes in topog- 
raphy were numerous and elevations of several thousands of feet are 
recorded; areas in which climatic conditions not only varied from 
place to place, but passed through a large cycle of secular changes. 
All these factors .greatly complicate the floral hi.story. 

The floras of the southern CV)astal I'lain are moreover checked for 
the most part by very abundant marine fauna in intercalated beds, or 
the plant-bearing beds which repre.sent the coastal swamp.s and the 
shallow water deposition of the old embayment merge laterally u ith tlie 
contemi)oraneous limestones or marls which were forming in more 
open waters along the coasts to the southward, so that there is a con- 
siderable body of facts bearing on dejitli. character of the bottom, and 
marine temperatures, with wdiich to compare land temperatures. 
These criteria have been admirably worked out for the Morid.i area 
by Doctors Dali and A'aughan for the post-Eocene and their roults 
furnished a relialde datum jflan for the deductions to he derived from 
the study of the fossil floras of those times. 

With the e.xception of fragments of the petrified stems of coni- 
fers. palms and dicotyledons the plant-rcmaims are in tlie form of 
impressions, mostly of foliage, but with a goodly representation 
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of fruit; aiiu atul in some few cases even flowers are pre- 

ser\-eil. 

^^’hiIe the irscihations of the embayinent area have been numerous 
they have Ijeen. a; I !ia\e just mentioneil. inconsiderable in amount, 
onl}' a few liuni’red feet at most, and the coastal region has uniformly 
been one ^ f ;'-i,yht relief. The various floras show an almost com- 
plete absence cn’ upland tyP'O.'. This is in striking contrast to the 
Europetm ciMer Tertiary floras. The only large area of the globe 
which ha- been thoroughly studied — Europe — was far less stable 
than this regic'n in Tertiary times and l\'ing much farther toward the 
pole wa- subsequently subjected to the rigors of Pleistocene condi- 
tiijiis whose influence never reache'l our southern states. 

The paleijbotanica! record cif the Atlantic and Gulf Coastal Plain 
furnishes a liistory which extends back as I have just mentioned be- 
yond the oldest known angios[iernis to a time (Lower Cretaceous') 
when tile flora was made up alnicast cntirel\' of tree-ferns, conifer.; 
and th'i'C interesting cycadophytes i Cycadeoidea'i whose trunks are 
sometimes preserved with such marvelous perfection that the outlines 
of the emliryos in the ovules can often be made out in detail. Coming 
a step nearer mv present theme, a step e>f some millions of years 
from the Lower into the L |>j>er Cretaceous, we find the first groat 
modernization of the floras of the weU'ld due tii the setuningly sudilen 
evolution of the main tyiie.s of tingiosperms. These L pper Creta- 
ceous floras are well rcprc.seiucd in the Coastal T’lain from IMarthas 
Mnexard to Texas. They extend northward to Greenland and south- 
ward to Argenlinti in .^oulh America, and are found to indicate very 
dilfereiit pln sjcal cnmlitions from those which prevtiil at the present 
lime, I do not intend, however, to dwell upon the b Pper Cretaceous 
floras in tlii' connectioji but pas'- to ;i cou'^ideratiixn of the succeeding 
Eocene epoch of plant evolution. 

The Eocene as defined by IwcH was marked by the dawn of the 
recent sjiecies of marine mollusca. Tt is equally well marked bx the 
sudden exjian^iriu ami evolution of modem txqies of jilants after a 
long antecedent Cretaceous development. The floras become thor- 
oughly modernized as com])arcd with those which preceded them, 
although thev are still very different in their general facies and dis- 
tribution from tho.se of the present. 
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In the earliest epoch of the Eocene known as the hlidway, the re- 
lations of sea and land in the Gulf area dittered in only minor par- 
ticulars from that of the late Cretaceous. The waters of the hlissis- 
sippi Gulf were, however, deeper. This factor combined with a 
much less influx of fresh w'ater from the tributary streams, due in 
some measure to the low relief of the laud, enabled marine faunas to 
reach well toward the head of the gulf. These faunas indicate sub- 
tropical bottom, temperatures ncrthward a.- far as Paducah, ky. The 



Fig I. Sketch map showinij the appri.i.vimate positinn of the -hore hue. 
at the beginning of the Wileai.x tran>gre."ii m and B-B the area cutered 
b\- the Whlcu.x sea during its nia.ximum tramgreosion. C-C, the extreme 
uortliern limit of the Wille'u.x flora under existing climatic condition^ 

known floras are very scanty and unsatisfactory and in the present 
state of our knowledge do not merit an extended discussion. The 
maximum transgres'ion of the sea during the hlidway ejiodi is 
shown on the acconipianying sketch majj ( h'ig. i 1. 

rite hlidway Eocene was succeeded by a long interval during 
which the sea is believed to have withdrawn southward at least as 
far as the position indicated on the accompanying sketch map 1 Fig. 
I, .1-. I ), since terrc'trial conditions are known at the extreme base 
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of the Wilcox in the most southerly areas of their outcrop. This 
interval of emergence of the embayment area was followed by an 
equally long interval during which a great thickness of deposits was 
laid down that are collectively known as the Wilcox group. The 
character of these sediments and their faunas show that the IMissis- 
sippi gulf was somewhat restricted and much shallower than in the 
preceding epoch, with true marine conditions prevalent only in its 
lower portion. The shores were low and relatively flat. They were 
flanked by current- or wave-built bars and separated from the main- 
land by shallow inlets or lagoons. The lower courses of the streams 
were transformed into shallow estuaries or broad swamps through 
which the smaller streams meandered. 

The maximum area covered or underlain by Wilcox deposits is 
also indicated on the accompanying sketch map ("Fig. i. B-B ) which 
shows approximately the shore line along which the vegetation 
migrated. As has been already remarked the Wilcox deposits have 
yielded one of the most extensive of known fossil floras, an assem- 
blage of extinct species which sheds considerable light on the phys- 
ical conditions of the marginal lands of Wilcox time. 

Eefore taking up in detail the evidence of the flora I wish to point 
out certain general climatic conditions based on cosmic causes and de- 
duced for the ^^'ilcox from studies of recent climates. 

It is to be noted that tlie factors governing atmospheric circulation 
are general and not local and the relatively slight changes in the rela- 
tion of land to sea in Wilcox time as compared with the present are 
entirely too small to have caused much modification of existing con- 
ditions. Then a.s now there was a persistent area of high pressure 
over the North Atlantic and a low over the continent. Consef|uently 
the winds were prevailingly from the east. Cyclonic disturbances 
like those that originate today in the Gulf of Mexico or those more 
violent and widespread storms of the West Indian hurricane type 
which today originate in the Caribbean Sea would traverse at least a 
part of the ^Mississippi embayment. So large an area of shallow 
more nr less landlocked water would have a very appreciable effect 
in raiding total temperatures and in the prevention of widely sepa- 
rated extremes. At the same time it would increase the rainfall and 
increase the width of the marginal lands over which this augmented 
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rainfall would be effective. W hether or not this would be sufficient 
to furnish the subtropical conditions that the flora seems to indicate 
is doubtful. Speculation regarding the Eocene climate of the world 
as a whole is perhaps out of place, nevertheless it remains true that 
the sum total of paleontologic evidence indicates that tlte familiar 
succession of seasons or of types of vegetation in passing from the 
luxuriant tropics to the ice-capped poles did not hold good for the 
Eocene. Paleobotanists have long maintained that the existing cli- 
mate is essentially a Pleistocene climate of an interglacial character 
and that for the great bulk of geologic time uniformity and not dif- 
ferentiation has been the rule rather than the exception. While the 
older jialeobotanists were inclined to overestimate the conditions 
of torridity, it remains true that from the Lower Cretaceous until 
toward the close of the Oligocene, not to mention still older floras of 
more remote botanical affinities, whenever fossil floras are found, 
from beneath the Equator to within the Arctic circle, the}- show a 
degree of uniformity that proves that former climates were secularly 
unlike these of today and as is obvious this flora! evidence would be 
equally convincing if all the vast number of fossil plants were simply 
called Phyllitcs as in Schlotheim’s day and no attempt were made to 
determine their botanical affinity. 

The student of fossil floras is naturally more sanguine and en- 
thusiastic in predicting former physical conditions than perhaps is 
warranted by his facts. \\’hen however a common Upper Creta- 
ceous flora can be traced from Te.xas to Greenland or when we find 
in the Eocene such unmistakable form.- as Artocar/'us leave-, Rmicl- 
hardtia fruits, and nuts of the Xipa palm associated with forms as 
characteristic as ferns of the genus Acrosticliuin all extending almost 
across the temperate zone in both the eastern and western hemi- 
spheres it would seem that the burden of proof that climates were 
not very different from those of today rests with the phvficist ami 
not with the paleobotanist. 

It may be noted that all of the Wilcox plants, almost without ex- 
ception, are plants whose modern representatives inhabit the warmer 
parts of the earth. There is not a single strictly temperate type in 
the whole assemblage, the nearest approach to such tvjies being in 
the genera JiKjkins, Myrica. Magnolia, Ccrcis, Ilex. Xyssa. ami Frax- 
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iiiits, and in all of these genera or closely related ones there are ex- 
isting tropical forms. Xone extend beyond the warmer parts of 
the temperate zone and some of these as in the case of Juglans and 
Fra.vinus indicate in their compound leaves their tropical ancestry, as 
was first pointed out by Grisebach. The ferns are all tropical types 
and their relative unimportance in the Wilcox flora furthermore in- 
dicates that the major part of this flora is a strand flora. This is 
shown more especially by forms like the Xipa palm which never 
grows outside of tidal marshes, by Conocai'l'iis, Lagunciilaria and 
Az’iccnnia wdiich inhabit like situations: by coastal marsh or lagoon 
plants like Caiuia, Trapa and Subalifes : and by the large number of 
strand types that inhabit beaches or the jungle behind the beach 
ridges or dunes. The more striking of these genera are Myrica, 
Artocarpus, Ficus, Coccolohis. Pisonia, Anoiia, Capparis, Cliryso- 
balamis, various Lauracete. Apocynacea?, Sapotacete and Legumino- 
ste, Fagara, Drypctcs, Mctopiuin. Hc.v.CcIasfrus. Sapiiidiis, Dodojuca. 
Rcyiiosia. Rhainiius. Myrcia. Eugenia. Lagunciilaria. Conibrctum. 
Tcrniinalia, Cordia, Citliare.vylon, E.i'ostcnia and Giicttarda. 

It needs but a slight acquaintance with the e.xisting Antillean 
flora or that of the Florida keys, or in lieu of actual acquaintance a 
perusal of the as yet too few ecological discussions of the flora of 
the American tropics or even of Schimper's classic Indo- Malayan 
strand flora to see at once that the general facies of the Wilcox flora 
is overwhelmingly that of a strand flora of which some of the 
elements indicate that they grew on the sandy beaches, others in 
muddy tidal flats, others between or behind dunes or beach ridges, 
and others in estuary bayous or marshes. None of the forms can 
certainly be considered as inland or upland types. Even genera like 
Banksia which is not usually considered a coastal type in the existing 
flora furnishes Banksia inarginata Cav. to the coastal sand dunes of 
South Australia (Tep])er) and several others species of the genus 
occur on the dunes of Queensland. Wetoria and western Australia. 

Little has been written of the plant associations of the American 
tropics and collectors notes almost always fail to adequately describe 
habitats. While the marginal Wilcox lands were low there was such 
a large area of continent to the northward to draw from, and the 
king coast furnishes such varied edaphic conditions, that the flora 



136 BERRY— LOWER EOCEXE FLORA OF ^5. 

was far richer than floras of small insular areas of the American 
tropics of the present, as for example, that of the Bahamas wliich are 
relatively close to mainland, where in addition to ditficulties of intro- 
cjuction there is relatively great uniformity of edaphic factors and 
directly adverse factors such as winds, which limit the floral uisplav. 

Without pursuing the subject in greater detail it may be assumed 
to be proven that the Wilcox flora is a typical coastal flora. Com- 
pared with recent coastal floras it is at once apparent that its atfln- 
ities are entirely with those of tropical and subtropical America. It 
has much in common with the Bahaman flora and that of the Florida 
keys, but is far richer in arborescent forms. Comparisons witli tlie 
larger islands of the West Indies show more elements in common, 
such differences as are apparent being due to the prevalence of por- 
ous coral rock along these recent shores while the Wilcox shores were 
not of this character. The most complete agreement i.- funvisheil bv 
the floras along the Caribbean coast from Central America to north- 
ern Brazil. A considerable number of genera found in the Wilcox 
flora do not range through the West Indies at the present time and 
the explanation seems to be that the Wilco.x flora more closelv re- 
sembles the original flora of the whole American equatorial region 
which became restricted during the epeirogenetic and climatic changes 
of the IMiocene or Pleistocene and the elements now lacking in t!ie 
West Indies never regained all of the area of distribution lost at that 
time. 

It may seem improper to say that a flora with alnindant forms 
of Artocarpus, Xipa, Ciniiaiiioiiumi. Baiiksia. etc., is entirelv Amer- 
ican in character but if the brief sketche.s in the botanical discussion 
which follows are read it will he obvious that these genera, oriental 
in the existing flora, were cosmopolitan in the early Tertiarv. so that 
it would be entirely mi.deading to draw conclusions from existing dis- 
tribution alone. 

The Wilcox waters of the upper embayment were always ^lial- 
low ; there were fringing bars and lagoons as well as deltas, estuaries 
and swamps basous. Phe dej)Osits in places show river action and 
streams shifting about over sand flats. Regarding actual tempera- 
tures so little is known after all of the relations of modern plants to 
their climatic environment that results can rinlv be qualitatixe and 
not quantitative. 



I9!4 ] 


SOUTHEASTERN NORTH AMERICA. 


137 


It is obvious that the flora could not have existed if the region was 
ever visited by frost, and temperatures appear to have been like those 
found today on the Florida keys. Aside from the meteorological 
certainty that there was a wide coastal belt of abundant precipitation, 
there is the confirmation furnished by the flora itself. It would seem 
to me proper to compare the Wilcox flora with those of the regions 
to which the somewhat loosely used term subtropical rain forest is 
applied by plant geographers. Too little is known of the IMidway 
flora for accurate comparisons. Compared with the Upper Cre- 
taceous flora of the embayment area, in which however 40 percent 
of the genera are extinct, the Wilcox would seem to have become 
more tropical, a progression from what might be termed a warm 
temperate to a subtropical rain forest. On the other hand the floras 
as well as the faunas show a gradual increase of tropical conditions 
in the later Eocene which culminate in the Oligocene. the flora of 
which in southeastern North America is strictly tropical. 

Lianas were apparently not as common in the Wilco.x as they 
are in the e.xisting floras with which it has been compared. Xo 
traces of the Bignoniacete, so common in the .American tropics, have 
been detected, the scandcnt types being represented by Lygodinm, 
Aristolochia, Malpighiacere, CanavaJia, Pisonia (?), and Zicyphus, 
I am inclined to think that the great uniformity of climatic condi- 
tions together with the abundant rainfall have combined to make the 
\\'ilcox flora seem more tropical in character than was actually the 
case. That reef corals are not found in the Mdlcox is, I believe, en- 
tirely due to physical conditions other than those of temperature 
as A'aughan- has shown to be the case so often in such a striking 
manner in recent seas. 

I have imlicated upon the sketch map ( Fig. i C-C) what I con- 
ceive would be the northern limit of range of the \Mlcox flora under 
existing climatic conditions in southeastern North .America. 

It would seem to be probable that most of the generic types of 
the Wilcox were differentiated by the close of the Cretaceous. If the 
equatorial region of .America was the place of origin of a majority of 
those types which have not as yet been recorded from the Cretaceous 
as I believe to be the case, they must have spread northward along 

= \’aughan, T W , Jouni IJ’ash. Aciid. Sci., Vol. 4, pp. 26-34. lOM- 
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the ]^Iississippi Gulf either during the Cretaceous-Eocene interval, 
during the Alidway or during the IMidway-W'ilcox interval. While 
the time available for this northward dispersal was thus sufficiently 
long to account for the migration of even the most slowly spreading 
forms a short statement on the adaptations and agencies of this 
dispersal is not without interest. The W dcox genera with winged 
fruits or seeds are EngeUiardtia, ParacnijcUiardtia , Dodoncca, Paliu- 
rus, Fra.viiiiis and the Proteacere and Walpighiacea;. Xone of these 
are capable of long flights except those of the last two families and 
these during high winds might readily be carried for miles along 
coasts, although it is doubtful if they could have crossed great 
stretches of open water, even through the agency of a West Indian 
hurricane. The heavier winged fruits such as those of EngeUiardtia, 
Paraeugelhardtia, Paliiints, Dodoiura and Fraxinns float readily, 
although as far as I know there is no experimental data to show 
how long they float in oceanic waters without losing their vitality. 
Certainly Dodoncca has reached the Bermudas in recent times 
through the agency of the Gulf Stream. Among the Wilcox forms 
more or less adapted for floating the following genera may be enu- 
merated : Xipadites, Caiina. Taxodiiiiii, Pisonia, Sa[<indns, Stcrcuiio- 
carpus, Trapa, Aviccnnia, Solanitcs. Exostema and the Combretacete. 
Among the foregoing Caiiiia, Taxodinni, Trapa and Exostema are 
scarcely adapted for sea voyages while on the other hand, Nipaditcs, 
Sapindiis, Sterculiocarpiis. Aviccnnia and the Combretacete are sin- 
gularly adapted for dispersal by ocean currents and would be in tlie 
van of forms colonizing the shores of the transgressing Wilcox sea. 

A large number of the Wilco.x genera had fleshy or drupaceous 
fruits and formed the dietary of both mammals and birds, .\mong 
these the following may be mentioned: Myrica, Ficus, Coccolohis, 
Magnolia, .-Inona, .Isimina, Chrysobalanus, Siinaruha, all the Laura- 
cete, Ilicacete, Celastracete, IMyrtacete, Ehenacete, Sa;)otacete, IMelia- 
cete, Euphorbiaccrc, Anacardiacete, Zicyphus, Guettarda, Cdtliarcxv- 
lon, Cordia, Osinanthus, Icacorea, Rliamnus and Rcxnosia, IMany 
of these have crustaceous stones that pass uninjured through birtls 
or are voided with their vitality unimpaired and these could undoubt- 
edly be carried long distances over seas. Even in the case of soft 
seeds like those of a large number of the Leguminosx it has been 
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found that birds that have eaten greedily often void them uninjured 
and others meet with fatalities before the seeds are digested and 
these constitute by no means unimportant factors in distribution. 
Clement Reid in his discussion of the origin of the British flora gives 
an instance of a dead wood-pigeon with beans sprouting from its 
crop, and when it is remembered what a great percentage of birds 
meet an untimely end it is conceivable that a single hurricane might 
readily be the means of introducing new forms from the Antilles 
upon the Wilcox coast. Cither Leguminoste, although more rarely, 
are dispersed by ocean currents, as is the case in an eminent degree 
with the modern Eiitada or snuffbox seabean. 

All of the storms moved from the ecpiator northward, the main 
ocean currents had the same general direction, while the prevailing 
winds were easterly so that all of these important factors combined 
in causing a relatively rapid introduction and spreading of forms 
along the ll'ilcox coasts, so that given favorable climatic conditions 
and many of the forms need not have taken the time to spread from 
Central or South America along continuous coasts. 

Bot.\xic.\l Cii.\r.\cter of the Flor.v. 

That the method by which the bulk of the determinations in the 
present study are made rests upon real and not fanciful affinities is 
of vital importance, since the resulting climatic and other physical 
data are largely controlled by these facts. The case is not as intri- 
cate or as hopeless as it might seem to the student who remembers the 
thousand of living and extinct genera. De Candolle estimated the 
total number of flowering plants to be about 250,000 species. This 
figure is swollen by the great multiplication of herbaceous species in 
recent geologic times. The ratio of arborescent to herbaceous types 
was much greater in the Tertiary than it is at the present time and 
it seems proljable that trees were actually more abundant and 
varied than in the existing flora. This was certainlv true for all 
Tertiary floras outside the torriil zone and may be readily proved by 
a consideration of the Eocene floras of North .\merica, the iMiocene 
floras of Europe or to cite an extreme case the Tertiary floras of 
the Arctic and Antarctic regions. 

While the arborescent flora of the temperate zone is relatively 
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meager, trees increase in passing toward the equator. For example 
the state of iMaryland which is in latitude 38' to 39' 30' is in ettect 
a cross section of the Coastal Plain, Piedmont Plateau and the Alle- 
ghany iVIountains with great differences of climate, topographv and 
soils. It is moreover the meeting ground for plants of northern an.'! 
sriuthern range. In spite of these facts there are onlv about i 
arborescent forms in its flora. On the other hasid in Small's recently 
published Trees of Florida 1 1913 i there are 360 native and natu- 
ralized arborescent forms, and if Florida furnished much altitudinal 
variation the number would be much larger. For example the ar- 
borescent flora of the Philippine Islands includes G65 itative species 
and many additional introduced forms. Even remote oceanic islands 
if of sufflcient size and topographic variety to overcome the adverse 
action of winds have a large arborescent flora. Thus the Sandwich 
Islands have 225 native species of trees distributed amr, 110-45 familie', 
the larger being the Rutaceae (32 species'), Rubiacere 131 species), 
Campanulacete ( 15 species'), Araliacete ( 14 species j, PittO'poracce 
( 12 species 1. Palmacete ( ii species I, Myrsinace:e ( ii specie^ 1, and 
IMalvaceae ( 10 species)." 

The general physical conditions of a remote geological epoch may 
be more or less compiletely deduced in advance from the character c. f 
the sediments; the run-off from the land can be approximated and 
consequently the altitude of the land and the probable rainfall as well 
as any periodicity in these factors. These are all reflected in the 
sediments. Work like that of b'augliatP on the dej)0-its of the 
Florida Keys or that of Drew'' on the part played bv denitrifying 
bacteria in the formation of limestones, enables a careful pak-obota- 
nist to in a measure predict the character of the flora that clutheil the 
marginal lan<ls. In deposits that teem with the remains of marine 
life as do many of the Tertiary formations of southeastern North 
America it is possible to arrive at very close approximations of the 
actual temperatures of the coastal waters. It may be safelv assumed 
that boreal or temperate floras did not flourish in proximity to trop- 

3 Rock, J, F., ‘'The Indigtm.us Trees m' the Hawaiian Llands" Hwno- 

liilu, 

^ \ aughan. T \\ .. ( arncgie In-titiuinn. Pidilicata in T3t. 1010 

j Dre'.v, &, II, 9 earIi"ok. (_<arnegie Instituticm. Xo in. 1911 
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ical marine faunas : that plants reflected their environment in the 
past as in the present. 

A considerable number of botanists love to dwell upon the temer- 
ity of their paleobotanical friends in venturing to determine leaf 
impressions. I admit at the outset that some determinations are 
much too sanguine, especially when based upon fragmentary mate- 
rials. There is more or less convergence in foliar characters in 
unrelated or remotely related families and there is also considerable 
variation in the leaves of a single species, but the fact remains that 
foliar characters in general are more conservative than those derived 
from almost any other organs of plants. They are subjected to less 
complex environmental factors and alwa\s have been. It should be 
remembered that characters less essential in the vital activities of 
plant', such as leaf form, when once acquired, may continue practically 
unchanged for thousands of years and afford a surer clue to relation- 
ship than characters more immediately within the field of action of 
natural selection. This is shown by the persistence of fern fronds 
on the Paleozoic Pteridosperins : liy the uniformity of Cycad-like 
fronds from the Permian to tlie Cretaceous ; and by the striking per- 
sistence of dicotyledonous foliar types from the IMid-Cretaceous to 
the present. It is paralleled by Dali’s observations on the persistence 
of superficial and ornamental shell cliaractcrs in the IMoIlusca from 
the Cretaceous to the Recent. 

The opinion I mention in a preceding paragraph is mainly the 
result of ignorance both of foliar characteristics and paleobotanical 
literature, and an unwillingness to spend the time necessary for a 
mastery of the subject. I have tested systematic botanists time and 
again with recent leaves and the results are not especially creditable. 
They generally know that leaves are green in color and that some are 
simple and others compound: they may even know whether the mar- 
gins are entire or toothed, but the venation is usually a closed book. 
I know of but one manual that pretends to pay careful attention to 
foliar characters and that is Sargent’s “Tree Hook" and even here 
the figures pay no attention to venation.’’ In the tropics where 
flowers and fruits are often unobtainable or beyond reach it is easy to 

” Sudwnrtli'.s “Trees of the Pacific Slope” i.' the mo>t admirable work 
in this respect that has ever been puhli.'hed 
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learn to recognize most arborescent forms by their habit and foliage 
but to most botanists, systematic or otherwise, anything beyond tlie 
floral structure receives but scant attention. 

It is reasonable to conclude that palms and tree-ferns were never 
boreal plants that have in the course of ages become restricted to the 
tropics as Xaumayr once suggested in an effort to explain their pres- 
ence within the Arctic circle on other than climatic grounds. Uni- 
formity of conditions is the foundation upon which the whole fabric 
of our knowledge of past events rests and it is just as unscientific to 
assume that the carrying power of water was not conditiesned by its 
velocity during the Tertiary as it is to assume that insulatirm. humitl- 
ity, rainfall, winds and all the other factors that constituted the en- 
vironment of the vegetation, had effects different in kind from their 
effects on the living flora. 

In a study of this sort the chief emphasis should be ba'ed upon 
comparisons with the existing relatives of the fo'^il forms and niit 
upon a search among the illustrations of works devoted to the study 
of previously described forms, often from remote regions, for what 
appears similar. The latter should not be neglected however and m:) 
descriptions are complete unless they include a di^cus'ion rif the re- 
semblances and differences of previously described form^ that show 
similarities to the form in hand with their geologic and geographic 
destribution. Even the most trivial characters of the fcjS'il should be 
carefully noted since all arc or will become valuable in future studies. 
The living representatives, their habitat, range and variation arc of 
the greatest importance in determining [laleoecologv. 

Unless there is clear evidence of transportation it mav be a'sunied 
that strand plants and upland plants will not be found in assi iciatioii 
and if such seems to be the case, additional study mav reveal the 
errors of determination. 

That all floras are dynamic and not static : that all their elements 
are more or less plastic in their reactions to the infinite complexitv of 
their en\ ironmcnt rames a certain amount of scejiticism regarding the 
methods and results of what may be called paleoecob .gv. This i-, 
especially true since so little is known regarding the precise relati' ms 
between existing plants and their environment. At the same time 
there is no other method available and it must be consid.ered to lie a 
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legitimate method until negatived in human experience. If it be 
assumed untrue there is no limit to idle speculations as futile as those 
of medieval times. 

The l\’iIcox flora as described in the present study comprises con- 
siderably more than 300 species — the exact number is without sig- 
nificance since it is so largely dependant on accidents of preservation 
and discovery, and since it is also considerably influenced by the 
evaluation of specific characters. The number might readily be 
increased to 400 if fragments of new forms were considered the 
basis for the description of species. 

This flora is therefore one of the largest floras as yet known from 
a single geologic horizon in a single area, although it is considerably 
overshadowed numerically by the so-called Fort Union flora of the 
Rocky ^Mountain Province, which however covers a greater geo- 
graphic area and a longer interval of time. 

Compared with foreign Eocene floras of similar age it may be 
noted that Ettingshausen enumerated 72 genera and 200 species from 
the London Clay of the Island of Sheppey" and 116 genera and 274 
species from Alum Bay on the Isle of Wight. ^ I mention these two 
English floras specifically since while never adequately described 
they are at least partly contemporaneous witli that of the \Wlcox, as 
I hope to show in the chapter on correlation, and they therefore offer 
various interesting details for comparison as will appear on subse- 
quent pages. 

The Wilcox flora compri.scs 128 genera in 59 families ami 33 
orders. The Thallophyta are represented by a few species of leaf- 
spot fungi, and if the student were to follow the fashion set by the 
older continental palcobotanists the so-called species of spot-fungi 
could be increased many fold, as I have only picked out for enumer- 
ation certain conspicuous or characteristic types. The Bryophyta, 
as is usually the case in fossil floras, are entirely unrepresented, al- 
though the sediments arc often of a character to have preserved them 
in perfection if they had been present, and the assumption is logical 
that they were either confined to more northern latitudes at this time 
or were an exceedingly minor element in the flora. The Tterido- 

" Etting.'ihausen, Proc. Roy Soc. Loud.. \'ol. 20. iSyi). pp. 3S.Wiii6. 

^ Etting.shausen, Ibidem, \ nl. yo, 18S0. pp 228-236 
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phyta which are such a preponderating element in all fusril iloras up 
to the iMidrlle Cretaceous are represented by a doubtfully determined 
Lt copod and six species of ferns. 

Ferns are among the most abundant tin specific dilrerentiation i 
vascular plants in the flora of tropical America, the island of Jamaica 
being especially celebrated for its fern flora. Grisebach enumerated 
340 species of ferns in his " Flora of the British West Indies " pub- 
lished in 1S64. In Urban's more recent work 1S2 species of the 
Polypodiaceas alone are recorded from Porto Rico. The following 
five genera have been recognized in the Wilcox: .dncnniP, Lxgodhtni. 
Asplcnium, Ptcris and Mcniphxlloides — each repre'Cnteil bv a single 
species except the genus Asplciiiuni which has two species. While 
six species seems a small number of ferns in a subtropical fiora like 
that of the Wilcox it is just twice as many as have been found in the 
contemporaneous deposits of Alum Bay on the Isle of Wight where 
the remains of an extensive flora is preserved in the pipe-davs. The 
e.xplanation of this seeming disparity between the fern representation 
in the Lower Eocene and in modern floras is readily frjrnmlated and 
it will also indicate tlie reasons for thinking that the real Wilcox fern 
flora if it were available for study would be a rich and varied one. 
comparable at least with the existing fern flora of the lowlamP of 
subtropical America. 

The known Wilcox flora is almost entirely a coastal flora made 
up very largely cif strand types. \'ery few elements in it can be 
legitimately considered as derived from inland areas bv stream trans- 
portation, in fact their condition of preservation alone proves that 
they grew in the immediate vicinity of where they are now found as 
fossils. With a few striking exceptions the existing tropical and 
subtropical fern floras arc floras of humid inland or upland habitats, 
for example the majority of the Jamaican ferns are found on the 
Blue blountains. The most striking exception to this statement is 
the genus Acrosticlium which strangely enough has not yet been 
positively recognized in the Wilcox flora although it was widespread 
along the shores of the Mississippi Gulf in the succeeding Middle 
Eocene (Claiborne) and Lower Oligocene (Wcksburg) floras, as 
abundant apparently as it is in the existing flora of tropical tidal 
marshes in both the EaTern and the Wc'-tern Hemispheres. .Vnother 
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fern type liable to be present in coastal tliickets is the genus Lygo- 
diiiiii with its scandent habit, and this genus is represented in the 
ll'ilcox flora by both sterile and fertile fronds. It is likewise com- 
mon in the Claiborne and Mcksburg floras and in Tertiary floras 
generally. Besides Lygodium, the family SchizaeaceK is represented 
by a species of .-hiciiiiia which must also be considered to have been 
a coastal type in the early Eocene as are some of its species at the 
present time, since very similar species of Ancimia are found at a 
very large number of Eocene coastal deposits both in this country 
and abroad. 

The remaining four species of Wilcox ferns are all referable to 
the family Polypodiaceie which is the dominant existing family of 
the fern phylum. The two species of Aspieniinn are types readily 
matched by existing Central American species. The Ptcris. not cer- 
tainly identified as a true species of this common cosmopolitan type, 
had stout coriaceous fronds and may have been transported since it 
occurs at only two localities in the Wilcox and at one of them it 
is in a fragmentary condition. This supposition receives some sup- 
port from its presence in tlie basal Eocene of the Rocky ^Mountain 
province after the sea had withdrawn from that area and after there 
had been a large amount of volcanic activity and more or less uplift. 
The genus Moiiphylloides is a unique type as yet peculiar to the Wil- 
co-x flora although it is closely related to the similarly unique genus 
Mciiiphyllum Ettingshausen and Gardner from the IMiddle Eocene 
(Lutetian) of England and both are closely related to and possibly 
tife progenitors of the existing genus Mcniscinm which has at least 
one species that is close to the Wilco.x form. Meiiiphylloidcs is 
only found at two localities near the top of the \Mlcox and its prob- 
able habitat is not known. The remains are broken but are asso- 
ciated with a typical strand flora. 

It will be seen that of the Wilcox ferns whose habitats can be 
surmised all are coastal types and when we recall that the mainland 
was relatively low throughout Wilcox time it is not .surprising that 
the ferns are not more strongly represented. By a specialization of 
habitat in modern equatorial regions a considerable proportion of 
the flora becomes epiphytic, the smaller ferns being commonly so. 
None of the members of the extensive Wilcox flora can be regarded 

PROC. AMER. PHIL. SOC., LIII. 2 I 4 I, PRINTED JULY lO, I 9 I 4 . 
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as epiphytes with the possible exception of LycopOLlitcs.'' 
which is such a rare and poorly represented form that it is w ith.out 
significance. Apparently epiphytes were not conspicuous in the A\'il- 
cox coastal floras so that this possible source of supply for adilitional 
fern species is also eliminated. 

The Gymnospermte so conspicuous in INIesozoic floras are rela- 
tively unimportant in the Wilcox flora, a feature due to their gen- 
eral unimportance in Cenozoic floras and to their intolerance of the 
habitats and climatic conditions indicated by the tout onsciiib'c of 
the Wilcox flora. All of the five Wilcox gymnospenns are referred 
to the relatively modern family Pinacete and none of the genera are 
especially close to Alesozoic tyjies. The Cycadacete which migh.t lie 
expected to be represented by Zainia-Vike forms have not been fuuuil 
although the presence of typical JVillianisouia fructifications in the 
Upper Cretaceous of the coastal plain indicates that the Cycad phy- 
lum had not been long extinct in this area. 

The Angiospermte, beyond all odds the dominant type in existing 
floras, was as clearly dominant in Wilcox time since to it belong over 
94 per cent, of the known Wilcox flora. Of these numerous angio- 
sperms only seven are referable to the Monocotyledonte. It is true 
the number of monocotyledons might have been increased by describ- 
ing the various sedge or grass-like fragments that are not uncommon 
at certain localities. None of these have, however, been dignified bv 
names except a .single form each of Poacites and Cypcritcs which 
were only retained since they were already in the literature. That 
only three species of palms have been recognized is remarkable 
since palms were well differentiated at this time and various genera 
such as Pluviiii'itcs. Tltrimix. Gcononui. Bactritos. Maiiicayia, etc., are 
recognized in our later Tertiarie^. In the contemporaneous deposits 
of Sheppey of the 30 monucoUleduns enumerated bv Ettingshausen 
fop. cit., p. 393 I 22 species arc palms. On the other hand the Alum 
Bay flora contemporaneous and not far diAant from the Sheppev de- 
posits furnished only G monocotylcflons. This contrast indicates that 
the fruits accumulated at She])pey in the delta of an Eocene river 
s} stem contain interior forms not present in the oastal region repre- 
sented by the Alum Bay clays and that inland from the Wilcox coast 
the displas of monocotyledons suitable to the \\ ilcox environmental 
coiiflitions flcjuri'hed but failed of preservation. 
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Since the early Eocene flora? of Europe are so much like those 
of southeastern North America an enumeration of the Sheppey 
palms is of considerable interest. They include the genera Xipa, 
CEnocarpus^ Arcca, Iriartca, Lii istonki. Sabal, Chaniarops, Thriiia.v, 
Bactris, Astei'ocarynin, and Elects. Of these \ipa and Sabal are rep- 
resented in the Wilcox flora while Tlirina.i- and Bactrites are present 
in the embayment area in the INIiddle Eocene (Claiborne). The 
Order Palmales, or more properly Arecales, has a single existing 
family the Arecarete t Palmte) with about 150 genera and consider- 
ably over a thousand existing species about ettually divided between 
the oriental and occidental tropics. There are no temperate outliers, 
although some species extend for considerable distances into the 
temperate zone as for examjile Sabal adaiisoiiii which ranges north- 
ward along the Atlantic Coast as far as North Carolina. The pres- 
ent distribution of the palms is a good illustration of modern con- 
tinental floral diversities succeeding a Tertiary cosmopolitanism of 
floras and it shows further the part played by isolation in evolution, 
also indicated by the abundance of nionotypic genera in the Cirient 
where the tropical area is s(D much broken. Not a single species or 
genus is common to the two hemispheres and even the tribes are 
almost all either oriental or occidental. 

Regarding the origin of the palms most students regard the Pan- 
danaceie (screw pines) as their probable ancestral stock and while 
the latter family is entirely oriental at the present time this was not 
true in the Tertiary, aiul it is perhaps significant that the existing 
genus Fhytclcphas which is regarded as intermediate between the 
Pandanacea; and the Arccacea; is exclusively American, and that 
genera now exclusively oriental like Xipa and Phaniv are repre- 
sented in the American Tertiary {Xipa in the Wilcox and Pliaaiix in 
the X ich.-^burg ) . There is no warrant for asserting that palms are 
of occidental origin, at the same time their oriental origin is equally 
difficult of proof and what we know of their geologic history conclu- 
sively shows the inadequacy of the existing distribution in a di-^cus- 
sion of their phylogeny. 

The three Wilcox species of palms comprise a fan palm and two 
feather palms. The Cliamccdorca leaves represent a small palm 
whose numerous modern allies are confined to America, being richest 
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in species in the humid mountainous regions of Central America. It 
is not a coastal form and is not found in association with tlie typical 
Wilcox strand flora, occurring only in the basal Wilcox of Choctaw 
County. IMississippi, and at the base of the transgressing Upper Wil- 
cox deposits in Saline County, Arkansas. Its rarity and occurrence 
in basal beds would seem to indicate that its area of growth was 
inland and only reached in these two cases by the landward migration 
of the strand line. The Sabalitcs. which I have compared with the 
existing Sabal palmetto, is common everywhere from the base to the 
top of the Wilcox. It is distinctly a coastal type, rather of the 
lagoons, bayous and estuaries than of the strand. This is indicated 
bv the fragmentary nature of the remains at very many localities and 
the occurrence of innumerable complete specimens at other localities 
as for example at O.xford, INIississippi, where the presence of unios 
and the local unconformities indicate estuary conditions. 

The Xipa palm found in the Upper Wilco.x is clearly an inhabi- 
tant of muddy tidal shores so that it would naturally be expected in 
the laminated clays of the Upper Wilcox. Its single modern repre- 
sentative is tolerant of water of considerable salinity and is a mem- 
ber of the mangrove association of theUrient. It shows many points 
of affinity with the Pandanacete and has never before been found 
in the Western Hemisphere. Like so many forms which are strictly 
oriental in the existing flora such as Cinnamomum. .-! rfocarpiis, Plur- 
nix, etc., it enjoyed a cosmopolitan range during at least the earlier 
half of the Tertiary period. 

A somewdiat full account of Xipa has been recently published 
by me'’ and need not be repeated in the present connection. 

The single .''pecies of Canna of the Wilco.x represents a strictlv 
hygrophilous type which is confined to -\mcrica in the existing flora. 
It is an inhabitant of estuary and river swamps near the coast, and 
that the Wilcox species inhabited a similar situation is indicated bv 
its restricted occurrence and it.- as^ociatio^ with Sabalitcs near the 
mouth of a ^^’ilcox river, which on other grounds is known tn have 
been present in Lafayette County, Mississippi. 

The Dicotyledonae of the Wilcox as might be expected are largelv 
chorip^talous forms since there are over 250 species f)f Choripetalaj 

» P.trry, E. t\'., Am. Jour Set. (, 1 \'. ), \'ol. 37, pp 57-60. Fig i, 0,14. 
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( Archichlam} de;e i and only 35 species of Gamopetake ( Sympetalse ). 
At the same time the representation of Gamopetalas is really much 
larger than might be expected thus early in the Eocene and many 
families often thought to be relatively more modern have been found 
to be represented. 

The following orders of Choripetake are not represented in the 
Wilcox flora : Casuarinales. Piperales, Salicales. Balanopsidales, Leit- 
neriales, Santalales, Sarraceniales and Opuntiales. The absence of 
the Balanopsidales, Sarraceniales and Opuntiales is not remarkable 
since they are all specialized types and the rather uniform habitats of 
the cacti and their relatively modern evolution both conspire to elim- 
inate them from Eocene coastal floras. The presence of the prim- 
itive Casuarinales and Piperales might be expected especially since 
there is a well marked Piper-like form in the Upjler Cretaceous of 
Alabama. The Salicales while prevailingly temperate forms are 
abundantly represented in the Upper Cretaceous floras of the embay- 
ment area and the Santalales have also been recorded from the 
American U{)per Cretaceous and are present in the European Ter- 
tiary. 

Those alliances of Gamopetakx which are not present in the W il- 
cox to be enumerated [tresently are mainly the great modern and 
temperate zone groups. For exaniitle there are no \\ ilcox specie.s of 
Ericales, Labiatay Convolvulacete, Bignoniacece. Scrophulariacete, 
Plantaginales, ^'alerianales or Campannlales. this proving not only 
the essentia! modernness of the evolution of the Composita^'-' but 
firmly establishing the thesis that the Wilcox flora is a subtropical 
and not a temperate flora. 

The following are the larger families in the ^^'ilcox flora : The 
Lauracca with 30 species, C;e‘^ali)iniacere with 2(), IMoracea with 23, 
Papilionacea with 22, Rhamnacete with 14, Sapindacea with 13, 
Sapotacea with 12, Wyrtacea and Wimosacca each with ii. Combre- 
tacea and Anacardiacea each with q, Juglandacca with 8. Celastra- 
ce.a with 7, and the Proteacca and Apocyniacea each with 6. 

The largest single genus is Ficus with 18 species, then comes 
Cassia with 12, Sapiiidus with g, Clcdifsiol'Iiylluni with 8. Orco- 

Tile fruit (k‘.<enbed as ,';yc cntifcrniis is [irolialily referable 

to the Cornpositae 



150 


DERRY— LOWER EOCEXE FLORA OF 


lAnnl 25 , 

dapluit\ Sopliora and A)iacarditcs each with 7, CinnaiiioiiiitJii. Xcc- 
taiidra, RJiaiiuiits. Myrcia and Bioiic'.ia each with 6, and Ce'astnis, 
Dilleiiitcs, and ApocynophyUiun each with 5. Ten species are re- 
ferred to the form-genus Carpolithus and this number could readily 
be greatly increased if all the unidentified seeds were named and 
described. 

The amentiferous families, in accordance with their L’pper Creta- 
ceous deployment and their undoubted primitive and not reduced 
character, are represented in the Wilcox flora by fourteen -pecies. a 
number of which are individually abundant. 

The Juglandales” are represented in the Wilcox by three species 
of Juglans only one of which, Jiiglans Scliiiiipen, is at all common; 
by a doubtfully determined species of Hicoria; by three well-marked 
species of Engelliardtia and by an extinct type, ParaoigcUiardtia, of 
a habit similar to that of Engelliardtia. 

The genus Juglans is one of the earliest of the still existing dicoty- 
ledonous genera to appear in the fossil record and it is continu- 
ously represented in fossil floras from the IMid-Cretaceous to the 
present. There are about 25 Eocene species of Walnut and they 
range during that period from the Gulf region to Alaska and Green- 
land, and are also present in the tropical forests of the Egyptian 
Fayum in the early Oligocene. The outlying existing species in 
the West Indies and under the equator in South America prove that 
in spite of the northward range of the Asiatic species in Manchuria 
and of some of the North American species into New England and 
southern Ontario, its progenitors were at least subtropical types, a 
fact corroborated by their foliar character since it is a well-known 
fact that compound leaves indicate tropical ancestry, and this is 
abundantly pr(wen in the case of Juglans by its associates in the fossil 
floras where it has been found represented. 

The genus Engclliardtud- is one of the most interesting Wilcox 
genera. In the first place the identification of its leaves is corrobo- 
rated by two varieties of characteristic winged fruits. 

The genus was described by Leschen in 1825 and contains about 

11 See Berry, E W.. “ Notes on the Geological Flistory of the Walnuts 
and Hickories,” i’.'i/Ht It'oirld, Wd 15, 1012. pp, 22 y- 2 .\o 

lASee Berry, E W., Am. .lour. Sci. (IW), \ul. 31, loil, pp 401-4(16; 
Plant World. \'ol 15, 1012, pp. 234-238, Figs. 3, 4. 
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ten species of the southeastern Asiatic area. These range from the 
northwestern Himalatan region, where they extend a short distance 
north of the Tropic of Cancer, through farther India and Burma 
to Java and the Philippines. The pistillate flowers are small and are 
grouped in paniculate spikes. They develop into small drupe-like 
fruits, each of which is connate at the base to a large expanded tri- 
alate involucre. 

A single little known species, rarely represented in even the larger 
herbaria, occurs in Central -\merica and is the type and only species 
of the genus Orcoiiuimica of C'ersted. This is much more restricted 
in its range than are its kin beyond the Pacific. Oreoiuuiuica is very 
close to Eiuieihai'dtia. and for the purposes of the paleobotanist the 
two may be considered as identical since they represent the but 
slightly modified descendants of a common ancestry which was of 
co-mopolitan distribution during the early Tertiary. The present 
isolation of Orcoiiuuuwa furnishes a striking illustration of the enor- 
mous changes which have taken place in the flora of the world in the 
relatively short time, geologically speaking, that has elapsed since the 
(lawn of the Tertiary. 

The principle has freiiuently been enunciated that when closely 
related forms are found in the existing flora of the world, restricted 
in range and isolated from their nearest relatives, or when other 
existing genera are mtinot}pic. it is (piite safe to predict an interest- 
ing and extended geok-igical history. EiujcUiardtia proves to be an- 
other illustration of this jirinciple, for its peculiar three-winged fruits 
have been known in the fossil state for almost a century. Thev were 
long unrecognized, however, and the earlier students wdio described 
them compared them with the somewhat similar winged fruits of the 
genus Cai'l'iiius ( lletulaceac ). W ith the botanical exploration of dis- 
tant lands in the early part of the nineteenth century, specimens of 
Eiu/clliardtia began to be represented in the larger European her- 
baria, and Baron F.tting.shausen, that most .sagacious of paleobota- 
nists, as long ago as 1851 pointed out that certain supposed species of 
Car['i]iiis were really fruits of Engclhardtia. He returned to the sub- 
ject in 1858 without, however, actually changing the names of any 
of the sui)i)osed species of Carpiiiiis nor does he seem to have been 
aware of the existence of a living species of Engclhardtia ( Oreo- 
uiunnca) in Central America. 
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Since Ettingshausen's announcement a dozen or more fossil spe- 
cies have been described. The oldest known European form occurs 
in the lower Oligocene (Sannoisiani of France and the species be- 
come increasingly abundant throughout southern Europe, esr>ecially 
toward the close of the Oligocene and the dawn of the Miocene, 
Saporta stating that the slabs from the leaf-beds at .Armissan in south- 
eastern France are thickly strewn with their peculiar fruits. Fossil 
forms continue in Europe throughout the Aliocene and Pliocene and 
specimens of late Aliocene or early Pliocene age are recorded from 
Spain, France, Italy, Croatia, and Hungary. 

The Wilcox species are somewhat older titan any cf the kr.iVAu 
European forms 

The existing EngcUtardtias are upland forms and this may pcis- 
sibly have been their habitat in Wilcox times although their abun- 
dance at different localities along the Wilcox coast would seem to 
indicate that this was not the case. 

The genus PayaaigelUardiia, which is a uniciue type confined to 
a single locality in the Wilcox, is clearly allied to Engclhardtia. as I 
have shown in the systematic chapter. It seems probable that it 
represents a survival of the ancestral stock from which Engclhardtia 
was derived since its fruits are more primitive and indicate ancestral 
forms with smaller bracts comparable with the bracts of Juglans or 
Hicoria which in the course of time became accrescent and subse- 
quently deeply trilobate. The jjrimitive character of Paracngclhardtia 
and the presence of true Engclhardtias in the M'ilcox so much earlier 
than their fir^t occurrence in Europe suggests that America was the 
original home of the Engclhardtia stock, although this suiipositi' m 
cannot be verified or disproved until a Tertiary ijaleobotanical record 
for the continent of Asia is available. 

The Alyricales contains but two species of Myrica in the Wilcox 
flora. Myrica is a very old generic type with a large number of 
fossil species raipging from the Middle Cretaceous to the present. 
The existing species are relatively few in number and widelv scat- 
tered geographically and represent survivors from a Tertiarv cosmo- 
politan distribution. fl/ynVu'" is much less abundant in the A\ ilc^x 

i-The all'ol and monotypic gL-nu> Comt'tonia winch h\ some studclu^ is 
included m Myncn has an extended .i;ee.li..uic history which has been discussed 
by Berry, Amer Xut., \'oI 40. lytid, pp. 485-5JO. [il. 1-4 
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than in the European Tertiary, although it was present in the eni- 
bayment area in the late Upper Cretaceous ("Ripley formation of 
Tennessee !. Its meager representation in the Wilcox time may be 
due to the more tropical climate conditions. The modern IMyricas 
are temperate and subtropical and a number of the species are coastal 
forms of either swamps or sand dunes. Myrica claanoidcs was evi- 
dently a coastal form and so was Myrica icilco.vciisis. The latter is 
very similar to the existing Myrica ccrifcra which ranges from New 
Jersey to Texas and is also found on the Bermudas and Bahamas. It 
is most abundant and vigorous in the sandy swamps along the south 
Atlantic and Gulf coasts and its habitat may be compared with that 
of Myrica zcilcoxcnsis. The latter seems to be the ancestral stock of 
a very similar species which occurs along the IMiddle Eocene ( Clai- 
borne) coast of the embay ment. 

The order Fagales, which includes such important timber trees 
of the temperate zone, is comprised by the two families Betulacete 
and Fagaceae. together containing about 450 existing species, of 
which three fourths belong to the I'agacete. Only the latter family 
is represented in the ^^'ilcox although the Betulacea; are character- 
istically developed in the Upper Cretaceous of North America. 

The family is unrepresented in the Wilcox flora probably because 
the climate was too warm and this reason may also account for the 
absence of true oaks since the I'tigacete are represented in the \\'il- 
cox flora by only the genus Dryo['Iiy!hun with four rather wide- 
spread and often common species. 

The genus DryopJtyUuiu is of worldwide distribution and consist- 
ently uniform characters in the variinis horizons of the late Cre- 
taceous and early Eocene from the Senonian to the Ypresian stages. 
It especially characterizes the dawn of the Eocene and represents the 
ancestral stock from which the genera Castanca, Castaiiopsis, Pasaiiia 
and Qucrctis took their origin, although this origin was in the late 
Cretaceous. -\s might be expected Dryopliylliiiii has long since be- 
come extinct. The Y'ilcox species were apparently strand types as 
were also the numerous species enumerated by Dehey. the describer 
of the genus, from the sandy shores of the Upper Cretaceous sea of 
Rhenish Prussia. Dryophyllum is abundant in the IMontian of Bel- 
gium and in the littoral sands of Ostricourt and Belleu in 
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France. In the systematic chapter detailed comparisons are made 
between the Wilcox and the foreign species, which show a striking 
parallelism. 

The Urticales includes the families LTmacete. IMoracete and I rti- 
cacere together containing about 1,600 e.xisting species. Ihe L rti- 
cacete are largely herbaceous forms and the Flmaceae are mostly 
e.xtratropical. 

The UlmaceK comprise thirteen genera and about 140 existing 
species, widely distributed in temperate and tropical regions. A 
single species of Plan era described originally by Xe wherry from the 
Western Eocene is doubtfully identified from the Wilcox. The 
genus is monotypic in the existing flora and confined to wet swampy 
situations in the warm temperate region of southeastern Xorth Amer- 
ica. Its geologic history goes back to the Upper Cretaceous at which 
time species have been recognized along the Atlantic coast from 
Xorth Carolina northward. Thus there is no reason why it should 
not have been present in the early Tertiary of the embayment unless 
it be argued that the climate was too warm. 

The IMoracete, by far the largest family of the order Urticales 
and the only one certainly represented in the Wilcox flora, contains 
between 900 and 1,000 existing species segregated among alxuit 55 
genera, of which the genus Ficus is by far the largest, including 
about Go per cent, of the existing species of the family. The Mora- 
cete are distinctly tropical and warm temperate types and are most 
abundant in the oriental tropics, although the dominant genus Ficus 
is widespread and the family is also largely represented in the South 
American tropics. 

There are at least 18 monotypic genera of which one is Xorth 
American, four South American, four African, and nine .Vu.stralian. 
Xo single tribe is confined to a single continental area and all show- 
apparent anomalies of distri1)ution due to our lack of knowledge of 
their geologic history. The genera Ficus. Artocarpus and Artocar- 
pidiuiii go back to tbe base of the Upper Cretaceous and numerous 
additional genera appear in the Eocene. 

There are 23 species of iXIoracere in the Wilcox flora. The genus 
Artocarpus is represented by three well-marked species. In the ex- 
isting flora the two score known species of Artocarpus are confined 
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to the southeastern Asiatic region^^ although some of them are cul- 
tivated in all tropical countries. The tribe EuartocarpCiC of which 
Artocarpus is the largest existing genus, have, however, five of their 
genera confined to Central and South America, one confined to trop- 
ical W est Africa, two confined to the southeastern Asiatic region, one 
to Borneo and one ranging from Japan to Australia. Wdtile the 
geologic history of Artocarpiis is only imperfectly known at least 
15 ditterent fossil species have been ilescribed. The oldest is a well- 
marked form based on characteristic leaves and parts of the fruit 
which show the typical surface features. It has been fully described 
by Xathorst^^ and comes from the Atane beds f Cenomanian) of 
^Vest Greenland. Slightly younger is a less well-defined form re- 
corded from the Emscherian of Westphalia, and the somewhat doubt- 
ful genus .-Irtocarpophylhiin of Dawson from the Upper Cretaceous 
of \'ancouver Island. Another species is recorded from the Laramie 
formation and the genus is widely distributed in the basal Eocene of 
North America. It continues in the .Mississippi Gulf region until 
the close of the Uligocene. the last recorded occurrence being in the 
-Mum llluff sands at .Mum Bluff on the .Apalachicola River. On the 
Pacific coast it is found in deposits in California and Oregon which 
are referred to the Aliocene. In the European area it occurs in the 
Tongrian of Prance, the Tortonian of Baden, the Pontian of France 
and Italy and the Pliocene of Italy. It is present in both the Plio- 
cene and Pleistocene of the island of Java. 

Artocarpiis is saiil to be represented by petrified wood in the 
Oligocenc of the island of -Antigua and it was evidently a member of 
the -American flora from the Upper Cretaceous until late in the Ter- 
tiary, although like the genera Cinnaiiiomiim, Xipa, Plurnix, etc., 
it is not represented in post-Pleistocene .American floras. .An extinct 
genus related to Artocarpiis and named Artocarpoidcs by Saporta, 
who described several species from the Paleocene of France, is repre- 
sented by a single W ilco.x species. 

’*It is found throughout Oceanica and was present in the Hawaiian and 
Mar(tuesas when they were first visited by Europeans. It was introduced 
into the W est Indies in 1703. 

Nathorst, Ah//. .Si citsk-a t'etois-Akud Ilaiul! . Bd. ’4. No. i, 1S90, to 
in>-. I pi 
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The genus Cccropia with about 40 existing specie' ccinhneil to 
the tropics of South America has two species in t’ne Apniianian cjf 
Bohemia and the Midway and Wilcox form de.'CriiiL:! O' / '.:is 'O. 
is very probably a representative of this genus. 

The genus Pscitdolnicdia, with five existing species in tlie Amer- 
ican tropics, has a well marked species in the W’llcx flora. As far 
as I know it has not heretofore been rec'jnled in t'le fci-'i! state 
although it is probable that some of the very numerous fij'-il species 
of Ficus may represent Psciido’.mcdia. 

The genus Ficus is represented by numerous species in the Wil- 
cox flora no less than eighteen having been described and a number 
of these are individually abundant. They include the narrow lance- 
eolate forms of the Ficus clastica type, with close-set laterals, as 
well as open-veined lanceolate forms, and the shorter and broader 
palmately veined forms. None are lobate or have toothcil margins. 
Ficus was evidently much more abundant and varied along the Wil- 
cox coast than it is today throughout the West Indies and misre 
nearly comparable in this respect with the display rif fig- in the East 
Indies or in tropical South America. 

The number of fossil forms that have been referred to Ficus .are 
very numerous, numbering perhaps 300 species. Xone are ceriainl\ 
known from the Lower Cretaceous, the genus Ficophyiliiiid'' being 
entirely doubtful. In the Upper Cretacei'uis. however. I-'icus is very 
widespread and abundant, seemingly indicating a Lnwcr (Vetace'ius 
ancestry as yet unknown. The Cenomanian stage ha- furni'hed 3 
species in Greenland, 6 along the Atlantic Cciast and 24 in the interior 
of North America, as well as it in Saxony, Bohemia aTid 31 ora\ia. 
The succeeding Turonian .'ta.ge furnishe.s 4 species in Bohemia and 
the Tyrol, and several in North America rTuscalor)'a, rMagothy, 
Black Creek, Eutaw formation.s ). Later Upper Cretaceous horizons 
have abundant species of Ficus everywhere throughout North Amer- 
ica and Europe as well as in Greenland, .\ustralia and New Zealand, 
and this cosmopolitanism continues throughout the Tertiarv, there 
being about 50 Eocene species, about 60 Oligoccne species. 90 IMio- 
cene species and 20 Pliocene species. Africa is added to the record 
in the basal Oligocene, and Asia in the iMiocene. 

See Berry, E. V,', M<1 (ienl Surv . Lower Cret , inn. pp. : 02 -:(i 6 
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The foi-il reci ir Js will have to be much more complete before the 
original center of radiation of the IMoracete can be determined, the 
present brief sketch can be said to merely indicate that not only Ficus, 
but other genera like Artocarpiis that are entirely oriental in the pres- 
ent. were normal elements in North America floras, from the time 
of the no iiiernization of these floras at the beginning of the Upper 
Cretaceinus onward. Along our east coast, they apparently became 
restricted in their range at the dawn of the Miocene and they ap- 
parently never after became as important in southeastern North 
America as they had been, or as they are in the recent flora of the 
Orient. 

The order Proteales includes the single family Proteacete with 
about one thousand existing species. They include the prominent 
arborescent forms of Choripetalte in the Southern Hemisphere, to 
which region all but the four genera Roupala. Protca, Lcucospcrmnm 
and liclicia are confined. They are usually considered as Australian 
types, in fact the majority of the genera and species are confined to 
that continent, nevertheless there are four genera in South America 
together containing over fifty existing species, and there are several 
genera peculiar to the African flora : and the genus Hclicia is predom- 
inantly Asiatic. 

The geologic history of the Proteacea; is perhaps one of the most 
striking instances that paleobotany affords of the great difference in 
geographical distribution in former ages from what could possibly be 
inferred from a study of the present geographical distribution of the 
members of this family, although there are some significant features 
in tlie distribution of the recent forms that will be alluded to in a 
subs(.-(|ucnt paragraph. 

The disciDvery of fossil forms of Proteacese in the Tertiary depos- 
its of Puropc was the inspiration of a considerable literature'” and 
was the occasion of a rather acrimonious controversy regarding their 
botanical affinity. This is well illustrated in the dissenting opinions 
e.xpresscil by the botanists Hooker and P>entham who both regarded 
fossil leaves as undeterminable. Starting with this apriori principle 
it is difficult to see how they could arrive at any other conclusion. 

See the writing? of Unger. Heer. Ettingshaiisen, Schiinper, Schenk and 
Saporta. 
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The most expeditions refutation of their opinion is furnishcl by the 
present distribution of some of the genera, c. (j., the genus Rintpcda 
has 36 species in tropical America, 2 in Xew Caledonia and i in 
Queensland: the genus Embothriinn has four Andean specie' and une 
in Australia : the genus Lomatia has 3 species in Chile. 4 in Australia 
and 2 in Tasmania. It follows unless one is prepared to subscribe 
to the doctrine of special creation for each continent or to the ind.e- 
pendent evolution on separate continents of different species of the 
same genus, that during their geologic history these genera must 
have ranged over intervening areas, so that if the Cretaceous and 
Tertiary plants of the northern hemisphere with fruits and leave' of 
the Proteacere are not related to the genera that they re'cinble m'’'t. 
then forms with leaves and fruit resembling those of other families 
must be fossil Proteacere, which ought to seem absurd, even to an 
English botanist. As a matter of fact, while exceptiijn ma_v justly 
be taken to some determinations of Unger, Etting.'hausen and Heer. 
they in no wise affect the main body of facts and there i' so much 
collateral evidence furnished for example by the geologic history of 
the Araucarian conifers, and the history of the Proteacete is so 'imi- 
lar to that of the Myrtacere and Leguminos;e — the two other great 
families of the existing Australian flora, that the evidence seems 
conclusive. 

Turning now to the fossil record those who follow the opinion 
of Plooker or Eentliam will see how vast and substantial are the 
supposed illusions of the paleobotanists. In adflition to the two ex- 
tinct genera in the Wilcox flora I have fossil records of genera of 
Proteacere, although this is artificially enlarged by the joint lortge. 
according to taste, of names like Dryaiidra and Dryaiidroulcs. Dniik- 
sia and Baiiksitcs, etc. A brief con.'ideration of these genera with 
fossil representatives will prove valuable.'’^ 

The genus Protea Linne, from which the family takes it' name, 
has about 60 existing species occupying disconnected area.s in Cen- 
tral and South Africa. To it have been referred a midrllc Cretace- 
ous species from Saxony: 3 Atiuitanian species from Prussia, Bo- 
hemia and Greece; i species from the Burdigalian of Italy: i from 

This list is not complete but sufficiently so for the purpose of this 
discussion. 
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the Helvetian of Switzerland and one from the Alessiniaii of Italv. 
Allied to Protca but possibly more generalized is the genus Pro- 
tL'oiJcs of Heer. This has several Tertiary species and a consider- 
able number of Upper Cretaceous species ( 15). There are two each 
in the Cenomanian of Bohemia and Lesina. two in the Atane beds 
of Greenland, three in the Dakota sandstone of North America, one 
in the Tuscaloosa formation of Alabama, one in the IMiddendorf beds 
of South Carolina, one in the Cretaceous of Australia, two in the 
A ancouver Island Cretaceous and one in the Senonian of Saxony. 

The genus ProtcopIiyUnm A’elenovsky'-' a stdl more generalized 
proteaceous type has seven species (. Saporta, 1894) in the Albian 
( A'raconian 1 of Portugal and 8 species in the Perucer beds ( Ceno- 
manian'i of Bohemia. Another generalized type is Protcol'sis \'el- 
enovsky with a single species in the Cenomanian of Bohemia. The 
genus Protctcpliyluin of Fontaine containing 2 species in the Patux- 
ent foniation ( Xeocomian 1 of A'irginia I regard as entirely worth- 
less.-" The genus Coiuvrliciu's Labill with one existing species in 
Tasmania has a single species based on both foliage and fruit in the 
Alioccne of Carniola according to a determination of Ettingshausen's 
which may well be viewed with suspicion. The genus Conospcniiuni 
Smith with about 33 existing species in Australia has two fossil spe- 
cies in the Oligocene of Stx'ria and one in the Aliocene of Carniola, 
while the somewhat less definite genus Coiiospcnnitcs tEttings- 
hausen. 1867) has a fossil species in the Upper Cretaceous of Aus- 
tralia and one in the Cenomanian of Saxony and Bohemia.-’- 

The genus liclicia Lour, is of especial interest since it is found 
farther north in the existing flora than any other member of the 
family. There are about 25 modern forms, mostly Indomalayan, 
but a few still survive in or have recently spread to Australia. The 
fossil record includes a species in the Oligocene of Styria and another 
in the Pliocene of Italy. The genus Lambcrtia Smith with 8 exist- 
ing Australian species has a single fossil species in the Aliocene of 
Carniola. The genus Plakca Schrad. with too recent Australian 

19 Velenovsky, Kvetena ce.skelio cenonianu, iS8<i. p. 18. 

S’" .See Horry. Md Geol. Siirv . Loiwcr Cretaceous, ion. pp 404-400. 

I regard Fontaine's determination of a .species in the Lower Cretaceous 
of Uirginia as worthless. 
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species has eleven fossil species in the Oligocene of Europe: in 
France, the Tyrol, Saxony and Greece: and no less than 17 Miocene 
species in France, Italy, Switzerland. Baden, Hesse, Prussia, Bohe- 
mia, Austria, Styria. Croatia and Hungary. 

The genus Knightia R. Brown with a modern s[)ecies in .-\ustralia 
and 2 in Xew Caledonia has a fossil form in the Eocene of Australia 
and another in Graham Land-- in beds regarded as Oligocene. The 
allied genus Kiiiglttitcs Saporta has two species in the Sannoisian 
of France. 

The remarkable genus Loinatia, previously mentioned, has four 
existing species in Australia, 2 in Tasmania and 3 in Chile. As 
might be expected from their modern isolated occurrences there are 
over 30 fossil species based in some cases on associated leaves and 
fruits. The oldest of these are two ('perhaps wrongly identified') 
species in the Dakota Sandstone. Eocene records include the Green 
River shales of North America, a Ypresian species from the south 
of England, an Italian species, five Australian and one Tasmanian 
species. There are about a dozen Oligocene species, some of which 
are very characteristic. They occur in the Tyrol, Saxony, Baltic 
Prussia and Styria, and the relatively large number of four are 
recorded byDuscn from Graham Land (Antarctica). There are also 
about a dozen IMiocene species recorded from such separated areas 
as Colorado. Switzerland and Carniola. The wonderfully preserved 
leaves in the volcanic ash beds at Elorispant, Colorado, from which 
seven forms have been described, the only known IMiocene occurrence 
of Loniatia in North America, are alone sufficient tij confound the 
sceptics. 

The allied genus Lomatites Saporta has a Cenomanian species in 
Saxony and five or six Oligocene species in France. The genus 
Stenocarpus R. Brown, with ii existing species in New Caledonia 
and 3 additional ranging from North Australia to New South Wales, 
has a single fossil species in the Oligocene of Saxony. 

The genus P c} soouid Smith has Oo existing hpecies in Au'^tralia 
and one in New Zealand. The fossil record includes two widely 
disti ibuted species in the Lpper Cretaceous of North *\mcrica j one 

=- Dusen, A iss Ergeb. Schwed Sudpolar Exped., nioi-oj, Bd. 3, Lief. 
3. p- 7. PI n Figs, 7, 9, II, 190S 
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ill the English Eocene: four in the Oligocene of Tyrol, Saxonv, 
Styria and Greece : ten in the IMiocene of France, Italy. Switzerland. 
Baden. Bohemia. Styria. Croatia, Carniola and Slavonia. A large 
number of the?e fos.^il forms of Pcrsoonia are not especially convic- 
ing but certainly the three European species Pcrsoonia cuspidata, 
daphnes, and Myrliilns of Ettingshansen"" which have the leaves 
associated with characteristic fruits are above suspicion. 

Bowerbank in his classic study of the pyritized fruits and seeds 
from the Island of Sheppey established a genus which he called 
Pctropliiloidcs from its resemblance to the genus Petrophila R. 
Brciwn which has about 35 existing species in Australia, the majority 
of which are confined to West Australia. Bowerbank described sev- 
eral species one of which was shown by Starkie Gardner to be an 
Abuts fruit and others have been referred to Sequoia. Ettings- 
hausen-’* in the study of the Sheppey fruits after careful comparisons 
retained three English Eocene species and the genus has also been 
reco.gnized in the Sannoisian of Dalmatia and Styria. 

The genus Lcucadcndritcs was established by Saporta for a San- 
noisian species of southeastern France from its resemblance to 
Lcitcadcndron Ilenn.. which has upwards of 70 existing species in 
South Africa. 

The genus Grezillea R. Brown has 5 <j existing species confined to 
Australia. The fossil record includes a Cretaceous species in Aus- 
tralia: two Cenomanian species in Bohemia { Grcr iUcophyllutn \ el- 
enovskv) : three Eocene species in England. France and Italy: twelve 
(bligocene species mo.-’tly iu southern France but also represented in 
Saxonv, Tvrol, Bohemia, Styria and Greece: and twelve Miocene 
species in France, Switzerland, Bohemia and Croatia. 

The genus Enihothrinni Forst., already alluded to. has four ex- 
isting species in South America which range from Chile to the 
Straits of IMagcllan. and a fifth species in Australia. This widely 
separated occurrence is explained when the fossil record is combined 
with the occurrences referred to F.inbothritcs, F.inbothriopsis and 
EnihothriophxUiini. To Enibothrium are referred 8 Oligocene spe- 

- Hhting^haii^cn, Sit~ K Akod. 11 iss . \\ icn. Bd 7. 1851. pp- rt^Ptp' 
PI .to, lOgs. 6-14. 

- * Ettingshausen, Proc. Roy. Soc. L.ond., \ ol. 2Q. 1S70, p 304. 

PROC. AMER. PHIL. SOC., LIU. 2I4 K, PRINTtl) JVLV II, I9I4. 
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cies of Swria and Greece and 4 Miocene species of Laden, ^tyna. 
Croatia and Hungary. To Embothriopsis Hollick a single species 
from the Long Island Aliddle Cretaceous is referred. 

E)iibotlii'iophyUiim is used by Dusen for a single species from the 
supposed Oligocene of Graham Land. The genus Enibotli'-ittS 
Unger has a doubtful species in the Dakota Sandstone ; six r)ligo- 
cene species in France, Tyrol, Styria. Carniola and Greece; and 3 
Aliocene species in Croatia and Bohemia. 

The genus Drxaiidra R. Brown has about 50 existing species in 
Australia. The fossil forms have occasioned much discussion and 
have been referred back and forth between this genus and Coiiiptoiiid 
and Mxrica. The forms retained in Dryandra include a Cenomanian 
species in Bohemia and IMoravia; an Eocene species in France: two 
Eocene species in Australia and an Oligocene species in Greece, The 
allied forms referred to the genus Dryandroides Unger include 5 
Upper Cretaceous species in Europe and North America: an Eocene 
species in Tasmania: 4 Oligocene species in Italy. Tyrol. Saxony, 
Styria and Greece; and a Miocene species in Bohemia. 

The allied genus Banksia Linne fil.. also confined to Australia in 
the existing flora, has 7 Upper Cretaceous species — 4 Australian and 
3 in the North Temperate zone, ten Eocene species, of which 7 are 
Australian, i Alaskan ( ? ) and 2 English : twelve (Jligocene specie' 
widely distributed in Europe: 16 Miocene species ecjually wide'pread 
in Europe ; and a Pliocene species in Italy. Three csjiecially well 
marked species from the Wilcox have been referred to this genus. 

The allied genus Banksilcs Saporta has a Cenomanian species in 
Bohemia and various Tertiary records from Europe ho])elessly en- 
tangled in the literature with Banksia, Dryandra and Dryujidruidrs. 
The genus Roitpala Aublet (Rlwpala ), whose peculiarly isolated out- 
liers in (Jueensland and New Caledonia have already been mentioned, 
is common in northern South America, extending northward to 
Guatemala. Fossil forms are recorded from the Cenomanian of 
Saxony, from the Eocene of Australia and from the Ar|uitanian of 
Switzerland. In addition Saporta described a Rliopalosponnitcs from 
the lower Oligocene of France and a species of Rhnpalophxllum has 
been described from the Upi)er Cretaceous of Australia and a second 
from the kliocene of Styria. 
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The geological history sketched in the preceding paragraphs is 
necessarily fragmentary, nevertheless I think the data are sufficient 
after excluding doubtful determinations to show that the family had 
its origin in the northern hemisphere, making its first appearance in 
the fossil record at the close of the Lower Cretaceous, becoming 
practically cosmopolitan during the Cpper Cretaceous at which time 
it reached the Australian region from sontheastern Asia. New Zea- 
land must have already been segregated but not the land mass now 
represented by Xew Caledonia. During the early half of the Ter- 
tiary Africa and southern Europe were essentially a single floral 
province while in the Western Hemisphere the ProteaceK ranged 
from the United States through South America and an unknown dis- 
tance across Antarctica. Concomitant with the continent building 
and the consequent climatic changes of the Miocene the area of dis- 
tribution commenced that shrinking which culminated during the 
Pleistocene, leaving the stranded remnants of the stock in their pres- 
ent widely separated quarters of the southern hemisphere. Xot all 
the modern genera took part in this history since the local peculiari- 
ties of poor soil and rigorous climate combined with relative freedom 
from outside competition were the factiirs that stimulated a Tertiary 
evolution of forms in Australia in exactly the same manner a^ the 
peculiar Australian genera of Myrtaccte and Leguminosce were 
evolved. 

The Wilcox species of Proteacete are six in number and are dis- 
tributed in four genera, in addition to which a probable Baiiksia 
fruit is retained in CarpoUtlius. These genera are Pahcodcndroi, 
Protcoidcs. Kiii(/htiophyllu)ii and Biniksia. The genus Pokcodeiidron. 
not mentioned in the preceding paragraphs, was proposed by Saporta 
for small entire coriaceous leaves from the Sannoisian of southern 
France and is an entirely extinct type, sparingly represented in the 
M’ilcox by a single species. The genus Protcoidcs was established 
by Heer for generalized proteaceous types which are well represented 
in the I'pper Cretaceous floras of the emhayment area as well as 
elsewhere. It is represented in the Wilcox by a single well-marked 
species confined to the Middle and Upper beds. The genus Knigbti- 
opliylluni is proposed here for the first time for a well-marked long 
petioled, aquiline-toothed, coriaceous form of common occurrence at 



164 


BERRY— LOWER EOCENE ELORA OE 


[A;n, 


Pervear. It is named from its resemblance tC' the genus AaP'/’ra; 
R. Brown, a genus of few existing species confined to the Australian 
region but apparently represented in Europe during the Tertiary as 
has already been indicated. 

The genus Baiiksia. with three W ilc'.ix >pecies. twei e>f wltich are 
particularly well marked and a probable fruit, CarpoUthus prutioidcs. 
is confined in the existing flora to the .Vustralian region with about 
50 species. The other genus of the tribe Banksiete is Di udiJ'-j R 
Bnown also with about 50 existing species confine*! to tlie .\u5tralian 
regiijn. It is much like BaiiL'sia in its foliar characters. B* ith genera 
are found in abundance in the European Tertiary and un*.l*'.u]jtei.lly 
enjoyed a more or less cosmopolitan range during the early Tertiary. 
Their ancestors probably entered the Australian region during the 
Upper Cretaceous before that country had become entireh- seiairated 
from Asia, becoming adapted to the peculiar soils and climate nf 
Australia, while the stock in the northern hemisphere appears to have 
been unable to stand the climatic changes and Tertiary competition 
and thus became extinct. 

The Aristolochiales is placed by some students among the Ciamo- 
petaltc. It includes besides the Aristolochiacete, the two parasitic 
families, the Raffleisiacete and Hydneracete, altogether containing 
about 235 existing species, of which 205 belong to the Aristolochia- 
cete, the only family of this order represented in the Wilcox flora. 
The genus .-Irisfolochia, to which a typical fruit from the Wilcox is 
referred, is found in the American Upper Cretaceous and in both 
Europe and America during the Tertiary. There are about 180 ex- 
isting species all perennial herbs or climbing vines and widelv dis- 
tributed in both tro[>ical and temperate regions, about ten species be- 
ing found within the United States. 

The order Polygonales includes the single family Tnlvgonacete 
with about 800 existing species segregated in about 30 genera, widelv 
distributed. They embrace herl)s. shrulis, vines and trees, with 
mostly cyclic flowers, and in their mor]diological feature^ .-how some 
evidences of transition between the previous choripetalous alliances 
and the Chenopodiales. The geologic history of the family is prac- 
tically unknown and it would seem that a large part rjf the specific 
variation, particularly of the temperate herbaceou- forms, was rela- 
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tivelv modern. The family is represented in the Wilcox by the single 
genus Coccolubis ith two species which appear to be the Eocene 
protott'pes of the only two existing arborescent species of Polygona- 
cea; that reach the United States i the sea grape and the pigeon 
plum ). The genus Coccolobis has about 120 existing species all con- 
fined to the American tropics and it would appear that it was of 
.Vmerican rjrigin. These species range from southern Florida to 
IMexico, Central America. T.razil and Peru and the majority are 
coastal forms. The two modern species which are so much like 
tliese two ancestral forms in the Wilcox, are strand types found 
from the Florida keys through the West Indies to the northern coasts 
of South America, and the conclusion is almost irresistible that the 
A\'ilcox forms enjoyed a similar range and an identical habitat. 

The Chenopodiales ( Centrospermre of Engler) include ten fam- 
ilies culminating in th.e Caryophyllacea*. and containing about 3.500 
existing species. They appear illy assorted and show a wide range 
in fl(tra! and other morjihological characters. Perhaps a majority 
are modern tvpes. The single family Xyctaginacea; represents this 
order in the ^^'i!cox. 

The Xyctaginacere with about 150 existing species is predomi- 
nantly American within the limits of tlie .southern I'nited States on 
the north an«l Chile and Argentina on tlic south. The genus Pisonia 
Plumicr. the only genus thus far found in the Wilcox flora, is repre- 
sented by three well-marked species. It has about 40 existing spe- 
cies chiftly in the .\merican tropics and contains the only arl)ores- 
cent form of the famih' found within the United .‘States. It has an 
extended geologic liistory. well-marked forms being found in the 
European and American I'ppcr Cretaceous. The Wijeox species 
were undoubtedly strand types as are so many of the modern specie^, 
which inhabit sea beaclies. the shores of .salt water Lagoons and 
marshes, the scrub of beach ridges and the jungle behind them. In 
the existing flora it is associated with Pit/iccolobiuiii, Rcyiiosia, 
Mctol'iinti. Acacia, Buuiclia. Cordia. Coccolobis. Ocotca. Fagara, 
Miinusops, Conocarpus, Cassia. Eitgcnia. .Inona. ficus, etc., exactly 
as it t\'tis during \\ ilcox time. Species of Pisoiiia occur m the 
Pepper Cretaceous of the ,\tlantic Coastal Plaint L*lack Creek forma- 
tion) as well as in the Dliddle (Claiborne) and Upper (Jackson) 
Eocene. 
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The order Ranales appears to me to be a highly unnatural 
assemblage, which doubtless explains the prolonged discussion and 
wide range of opinion regarding its true status. As treated in Eng- 
ler and Prantl it includes 16 families with over 4.000 existing spe- 
cies. While a distinct calyx and corolla are the prevailing hal)it 
this is combined with such primitive features as apocarpy and hypog- 
vnv, and by a well marked tendency to indefinite repitition and spiral 
arrangrement of the floral members. I have removed the Lauracete 
which contain ^4 of the existing species to a place in the more evolved 
order Thymeleales. 

The Ranales as a whole show no close filiation with previous 
alliances. They include forms that are more nearly Monocotyledons 
than Dicotyledons ( Xymphteacete 1 and numerous botanists 1 c. 
Wieland, Arber, Hallier) see in them the logical zenith of evolution 
of the IMesozoic Cycadophytes and thus as representing the ancestral 
stock from which the Angiosperms were descended — apparently a 
most remarkaljle feat, except on paper, when any except floral 
features are taken into account. 

Considering as I do that the Ranalian alliance is a plexus con- 
taining unrelated elements, any extended consideration of their 
geologic history would be fruitless. Certain forms are well repre- 
sented among the olde^t known display of Angiosperms in the 
filiddle Cretaceous. Only two Ranalian families are represented in 
the Wilcox flora and these two are both natural groups closelv re- 
lated and typically Ranalian. I refer to the families Magnoliacere 
and Anonacete. 

The family iMagnoliacex’ comprii-es about 70 existing species seg- 
regated into nine or ten genera, by far the largest of which is the 
genus Magnulia with about 21 species of eastern and southern Asia 
southern INIexico and the eastern United States. The family is 
mainly tropical and the bulk of the existing forms occur in south- 
eastern .\sia, the magnolias of that region being largelv f(jrms of 
tropical uplands. 

There are numerous apparent anomalies in the distribution of the 
recent forms, thus none are native in Euro[)e, although Maij)wHa per- 

-• I'or fiiscu-sion of this theory see recent papers by Wieland. .brber and 
Parkin, and Hallier. 
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sisteil ill that region as late in geologic time as the early rieistocene. 
Only one genus. Dri)jiys Forster, occurs in South America or Austra- 
lasia. There is a singular pairing of forms in southeastern Asia and 
southeastern Xortli America. For example Magnolia has 14 species in 
the former region and seven in the latter; Talauma Jussieu has 3 
species in farther India and one in the West Indies : Liriodcndron 
Linne has a single species in each: Schizandra Michaux has species 
in each: Illiciuni Linne has five species in the former region and two 
in the latter. The general Micltclia Linne ( 13 sp. 1 and Kadsio-a Jus- 
sieu ( 7 sp. ) are confined to the former region and Zygogynitni Bail- 
Ion is confined to the island of Xew Caledonia. The leaves of all are 
entire and more or less elliptical with a coriaceous texture, often 
evergreen, and with a characteristic camptodrome venation. Of the 
seven species of Magnolia found within the limits of the L'nited 
States. Mag)ioIia glanca Linne ranges northward to Massachusetts 
and Magnolia acuminata Linne to Xew York and Ontario. About 
sixty fossil species have been referred to Mag)ioIia. These are 
largely based upon leaves, although characteristic fruits, and in at 
least two cases, parts of flowers, have been found at various horizons. 
Magnolia^ are very abundant in both individuals and species in the 
Miilille Cretaceous ( Cenomanian-Turonian) especially in X’orth 
America, where thev are found along the Cretaceous Atlantic Coast 
from Greenland southward to Texas and in equal abundance about 
the borders of the aflvancing interior sea repre.sented by the deposits 
known as the Dakota sandstone. They are much less common in 
Europe and the genus is either of .American or Arctic origin.-” 

The Eocene records include 4 species of the Arctic region and 13 
additional forms largely American, but some few European. The 
Oligocene, unrepresented in .America by plant beds, has several Euro- 
pean species toward its close. .About eight Aliocene species are re- 
corded, of which the majority are .American. The Pliocene, also 
practicallv unrepresented by plant beds in .America, has furnished 5 
or European species and one is found in the early Pleistocene of 
that region. Magnolia seems to have been very abundant along the 

Magnolia Dolgadoi Saporta. FI. Foss. Fort., p, net. PI- .t.s. Fig. 5, iSpq, 
recorded from the .Alhi.an of Portugal is almost cert.ainly not a .Magnolia. 
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shores of the extended INI editor ranean sea of the riiocciie and to 
have subsequently been entirely exterminated in that region by tite 
glaciation of the Pleistocene, while surviving in both North Amer;ca 
and Asia bv reason of the prevailing north and south trentl oi the 
of the mountain ranges. Some of the other genera of the Magtiuli- 
acete are represented by scattered fos'i! spccies but tlte recoru U'O 
incomplete for generalizations. A survey of all the facts leads me 
to consider America as probably the original home of Maynoiia and 
despite the massing of the existing forms m the eastern L nited tttates 
and their extension to Arctica in the Eocene, they probably originated 
in a warm-temperate or subtropical latitude, spread northward 
across Arctica to Eurasia, were cosmopolitan in the Tertiary, becom- 
ing restricted to the southeastern parts of Asia and North America 
bv the aridity accompanying uplift, so well illustrated in the Eocene 
and later history of the Rocky INIountain and Great Plains province, 
and were finally killed off in Europe by the Pleistocene glaciation. 

Lesquereux referred two forms from the Wilcox of northern 
iMississippi to Magnolia but these both prove to Ijc species of Tcr- 
ininalia as Lesquereux had surmised in his preliminary studies. The 
genus Magnolia is, however, represented in the Wilcox by two largL- 
leafed species, both of wliicli are common to the basal Eocene of the 
Rockv ^Mountain Province. Neitlier show any cln.-e affinity with the 
antecedent E’pper Cretaceous forms which are so common in tlie 
embavment area of Alabama and northeastward along the Atlantic 
Coastal Plain. 

The familv Anonaceie contains about poo existing species dis- 
tributed among about 48 genera, only two of which are present in 
North ^America. The family is practictilly confined to the tropics, a 
single Aii.stralian species and the North American genus . Isiiiiina with 
6 or 7 species being the only conspicuously extratropical forms. Tlte 
area of maximum representation is southeastern Asia and the adjoin- 
ing region of Alalaysia. for while only 16 genera are confined to this 
region it contains over 330 species, and six adflitional genera ( Mil- 
iiisa. Ui'aria, Polyalthia, Oxymitra, Mclodonint, and Poporoia) with 
a total of over 250 species have the bulk of their sjiecies in this area. 
Only a single genus is confined to Australia and the bulk of the Aus- 
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tralian =pecies are to be regarded as migrants from the preceding 
area. There are upwards of lOO species and 6 peculiar genera in 
troi)ical Africa: and America has about 200 species and to peculiar 
genera. These are all confined to the tropics except for a species of 
-liioiia which reaches the coast of peninsular Florida and for the 
genus Asiinina with six or seven species of shrubs and small trees of 
t'ne sijuth Atlantic and (Inlf States. One of these. Asiiiiiiia triloba 
Dunal. is hardy as far north as Xcw York and has the distinction of 
growing the farthest distance from the equator of any existing mem- 
Ijer of the family. The fossil record of the .Vnonacete is very incom- 
plete. only the genera, Anona Linne and Asimina Adanson being 
known with certainty. Both of these genera are present in the Wil- 
cox fiora. 

Tlie genus Aitoiia has from fifteen to twenty fossil species five of 
which are also represented by seeds. The oldest is a species described 
from the Dakota sandstone. There is a second species in the late 
Cretaceous or Earh- Eocene of the Rocky Mountain province. The 
fiora of the Wilco.x affords a glimpse into the true stage of evolution 
of Tertiarv floras in that e.xpanded belt of the American equatorial 
region which was the center of radiation of so many recent types. 
There were three exceedingly well marked species of Anona along 
theM'ilcox coast and their leaves are very common at some localities 
although no seeds have as yet been discovered. I assume that these 
Wilcox forms had habits similar to tho.se of the majority of the ex- 
isting species, exemplified by our Florida .Inoiia glabra Linne, or 
Fond Apple, which frequents shallow fresh wat<er swamps, low shady 
hammocks, or stream borders near the coast. Other species occur 
in the low coppice association or on edges of brackish swamps on the 
Bahamas. The cultivated species, as for e.xample the American 
Ano)ia reticulata Linne which is planted in Guam often spreads nat- 
urallv along the inner beaches, while attempts to introduce others of 
the most highly esteemed American species in the Orient have failed. 
F'rom its prevalence among the existing species the habit of growing 
in wet shaded soils is evidently an old one, and since the M'ilco.x 
Anonas are associated with a strand flora, the assumption that they 
grew on the inner beaches or the shaded and more swampy edges of 
lagoons, possesses every degree of probability. 
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In the pipe-clays of Alum Bay which were contemporaneous with 
the Wilcox there are two species of Anona. and Engelhardt has de- 
scribed two species from the Eocene or Oligocene of Chili. The 
Oligocene record shows a species in France and a second in Saxonv. 
In the iMiocene there are two species each in England. Stvria and 
Croatia and one each in Bohemia, Colorado and Trans} Ivania. There 
is one each in the Pliocene of France and Italy, showing how mod- 
ern was their extinction in the south of Europe. 

The genus Asimina has only four or five recorded fossil species. 
These are all American except for a form from the Pliocene of Italv 
which has been referred to this genus, although I suspect that it rep- 
resents Anona, since Asimina appears to have originated and been 
confined to the Western Flemisphere. The oldest known species is 
based on foliage which is found in the basal Eocene of the Rocky 
INIountains (Denver formation) and of the embayment CMidwav 
Group). There is a single species based on a seed from the basal 
\\ ilcox and no other records e.xcept a form close to the modern from 
the late Miocene of Xew Jersey ( Bridgeton sandstone) and the oc- 
currence of the existing Asimina tnloba Dunal in the interglacial beds 
of the Don valley in Ontario. 

The order Papaverales ( Rhoedales of Engler ) includes six fami- 
lies — Papaveracete. Cruciferte. Capparidacete. Resedacete, Tovari- 
acete and INIoringacete, together containing about 2^^ genera and 
2,200 species. The Papaveraceae and Cruciferte are mostly herba- 
ceous and widely distributed, largely in the Xorth Temperate zone, 
and they are of relative recent evolution. The Resedaccte is a -mall 
family largely confined to the Mediterranean region. The Cappari- 
dacete. Tovariacete and IMoringacete are mainlv troi)ical, the last two 
families consisting respectively of a single genus and two species of 
the American tropic- and a single genus and three species, one Afric- 
Arabian and two East Indian. 

The family Capparidacete with about 35 genera and 400 existing 
species is the only one of the order represented in the Wilcox flora. 
A majorit} of the existing species are herbaceous and they are found 
on all the continents in tropical and subtropical regions. Five sub- 
families are recognized. Of these the Cleomoidete and Capparidi- 
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ijik-ii.-* are large and occur on all of the continents, with monotypic 
genera in North America \ Isovieris ) , South America (Stiibclia 
.lta)nisqnca. Bcloicita) . Africa (Ptcrol<ctaliim. Cladostcmon) , and 
Australia ( Ka'pcria, .-Ipopliylliim ) . The subfamily Dipterygioidete 
has a 'ingle genus with only five or si.x species of Nubia. Arabia and 
the Punjab. The subfamily Roydsioldete includes about a dozen spe- 
cies. the genera Roydsia and Sitxis being confined to India and the 
genus rorclilia]n»icria being ^Mexican. The subfamily Emblingioi- 
dete has only a single genus and species confined to Western Aus- 
tralia. No far-reaching conclusions regarding origin or past history 
can be deduced from our present knowledge of the geographical dis- 
tribution of the Capparidaceie and the fossil record is so imperfect 
that very little can be said regarding this history. 

The following are the only fossil records known to me : F. von 
IMuIler has described somewhat uncertainly determined fruits from 
the Tertiary of Australia as the genera DiciDtc and Plcsiocapparis. 
The latter has two s[)ecies and is considered as probably a member 
of the 'ection Busbcckia of the genus Capparis. Schenk has de- 
scribed the petrified wood of another form from the Tertiary of 
Egypt umler the name Capparidoxylon. The genus Capparis has 
furnished a well-marked Wilcox species very close to the existing 
Antillean tree Capparis domiiujciisis Spreiigel. There are about one 
hundred existing species of Capparis. mostly tropical, and although 
fimnd in the Eastern Hemisphere the majority occur in the Ameri- 
can tropics, especially in Central and South America. The oldest 
known fossil forms are two species described by me as species of 
Capparitcs from the Upper Cretaceous of Alabama ( Tuscaloosa 
formation). In addition to the Wilcox species previously mentioned. 
Engelhardt has described a Tertiary species from llolivia. Alany 
vears ago Unger described a third species from the Middle Miocene 
of .^tyria but Schimper considers the latter to be a papilionaceous 
form. While the fossil record of Capparis is so meager such facts 
as are available would seem to indicate that it originated in the 
American Upper Cretaceous. Very many of the modern forms arc 
shrubs or small trees of the strand flora and such is believed to have 
been the habitat of the Wilcox species. 
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The order Rosales includes about eighteen iam'.lie>-' with over 
fourteen thousand existing species, the largest families being tlivise 
of the Leguminosa?, and the Rosacete. Saxifragaccte and; Crn^'u'.acere. 
Some members of the alliance are close to tlie Ranalcs in t'leir apo- 
carpy. hypogynv and the indehnitc repetitiisn of certain floral mem- 
bers, and the order culminates in the re'atively mcidern rapilrsnaceic. 
Five families of Rosales are present in th.e W’iicijx licira. L'f tite'C 
the three leguminous families are by far the most alrundant. 

The family Hamamelidacese consist' of about nineteen genera 
and fifty species. Twelve of the genera are confined to the A'Uttic 
region. One genus is doubtfully ce.mfined to Au'iraliti : Tliree gen- 
era are African; and three genera are commcin to Asia am; cemtern 
North America. The family is remarkable in containing no less 
than nine monotypic genera. A consideration of the existing dis- 
tribution is not only of exceeding interest but al-u CMncltisive proof 
of an extended, geologic history, which unforiunate-l\ has not vet 
been unravelled. Since the group is scarcely if at all repre'enicd; m 
the existing flora of .-\ustraha or in its foS'il flora, its jire'eni range 
over Asia would seem to liave been accomplished after the land con- 
nection with Australia liad been interrupted. .\s the only knriwn 
Cretaceous fossil forms are from Xorth America iliere i' a prob- 
ability that the group had its origin in the Xorth .Vnietfican region 
The fossil species are not numerous enough, however, for definite 
conclusions on this point. 

The genim Ilamaiiiclis and its generalized fossil t\[)e Ihitjuunr- 
litcs Saporta have five .specie' in the Dakota sand-tone. one of which 
occurs in the .\tlantic coast L pper Crctticefui' i IMuldendorf bed- C)f 
South Carolina) and another is doubtfully reprc'cnted in the -ui)- 
posed I'pper Cretaceous of Argentina I Kurtz i. 'I'liere arc two 
Talcocene specie' in France and Helgitim, and Conwenlz ha- de- 
scribed characteristic flowers preserved in perfection in the Maltic 
Amber ( Sannoisian ) 'd^ IIamainclidaiithiu)n. 

The genus Fm i otia, with a single existing sjjecie' <.u northern 
Persia and the Caucasus, has three species in the Dakota samPtune: 

= ' The family I’iatanaeere. which hy the niajnrity r.f 'tiulent' i' nfcrrul 
tu the Rosale-. I rceard a' the sede 'nr\i\or uf an imkiamh nt eriler, the 
Platanales. clcscly reiatol to the LriKalc' 
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one spcjiL-s in the \Mlcox and Fort Union: two in the Oligocene of 
Europe: and two in the Alioceiie of Spitzbergen, Spain, France, 
Silejia, Austria, and Hungary. The distribution of Parrotia in the 
pa-t as far as it is known confirms the evidence derived from Hain- 
inaiiitiis for a Xorth American origin for the family. 

T!ie third genus with a geological history is Liquidambar, in 
which ujtwards of twenty fossil species have been described. The 
oldest known forms occur in the Eocene at such widely separated 
points as Alaska, Oregon. Greenland and France. There are two 
'pecics m the (Jligocene of Asia and Europe. There are nine or ten 
IMioccne species represented throughout Europe and Xorth Amer- 
ica ( Xew J erscy to Oregon i and in eastern A.-ia. Three Pliocene spe- 
cies are represented in Spain. I'rance, Italy. Germany, Austria, Styria 
and Slavonia. Typical fruits preserved in the L'pper Pliocene of Ger- 
many show how late the genus fiourished in central and southern 
Europe. Feli.x has described the petrified wood of Liquidambaroxylon 
from the Tertiary of Plungary. The existing Liqiiidajubar styraci- 
diia is found in the Pleistocene of West \’irginia. Xorth Carolina 
and -Vlabama and the eastern Asiatic species L. fon)iosana occurs in 
the Pleistocene of Japan. The genus Corylopsis also occurs in the 
po't-.Miocene deposits of Japan. 

'I'hc family Rosacea' includes about 90 genera and over 1.300 ex- 
isting species, widely distributed and mostly in temperate regions. 
Fume of the genera like Cratcegus seem to be undergoing saltation 
at the present time and hundreds of su[)[)Osed species have been de- 
scribed in the past few years. The tribe Chrysobalanoidea; is con- 
fined to the trojiics and the X'euradoidew to tlie subtropics of Africa 
and southwe.stcrn Asia. All of the other tribes of Rosaceae are 
widely distributed and their modern and fossil ciistril)ution is with- 
out especial significance for the present discussion. 

d'he only genus represented in the Wilcox is Clirysobalanus with 
two species that are evidently the prototypes of the still existing 
forms. The latter are l)ut two or three in number and as shrubs or 
small trees they inhabit the sandy shores in the maritime regions of 
Florida, tropical .\merica and western tropical Africa. 

The Leguminosae as now segregated into 4 families constitutes 
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the largest alliance among the Choripetahe i Archichlant} dere i . am! 
next to the Compositre the largest angiospermous group, with over 
9.000 existing species segregated among about 450 genera. 

There is a well-defined floral progression from the family iMimn- 
sacete with its actinomorphic flowers and numerous, usuall}' free, sta- 
mens. through the Qesalpiniacete. culminating in the mimericaH}' 
greatest group the Papilionacete with its strongly zygomorplnc iIo a- 
ers and coalescent stamens, comparable with the like culmination in 
floral evolution of the Orchidacete among the Monocou ledonre. 

The Mimosacete, with about 30 genera and 1,400 exi-ting specie-, 
are massed in the tropics of both hemispheres. None of the ^ul> 
families are confined to a single continent but comparatively few 
genera occur in more than two continental areas and half the genera 
are restricted to a single continent. Asia and Australia each have 
two peculiar genera, Africa has four and America has seven. Amer- 
ica also leads in number of species, about half the total of the 
family being present in the Xew World. Australia come- next with 
over 300, Africa next with upwards of 300 and Asia last with about 
100. In the eastern L'nited States there arc onl_\ three genera and 
five species, none of which are arborescent. In the (,lulf States the 
numbers have increased to 14 genera and 44 species. 

The Ctesalpiniacete with about 90 genera and i.ooo -pecies is also 
mainly tropical with a massing of forms in the .\merican tropics 
where there are over 600 species and 37 peculiar genera, the .-ub- 
family Sclerolobiete being entirely .\merican and containing numer- 
ous monotypic genera. Asia and .Africa each have about 150 spe- 
cies. There are, however, only 10 .Asiatic genera as compared with 
17 African. There are but three .Australian genera and less than 
100 species. In the eastern L'nited States there are 5 genera ami 
eleven species. Three of the genera, Ccrcis. Glcditsia and Gxiniin- 
cladiis are arborescent. In the >r)uthern states there are ii genera 
and 44 species. 

The Papilionacete have about 320 genera and O.rKio ..pecie^. 
America leads in the number of ])cculiar genera having 82 while 
Asia leads in the number of specie- with about 1.700. .Africa has 
47 peculiar genera and about x.C>oo species. Australia has 38 pecu- 
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liar genera and about 1,000 species. Asia has 33 peculiar genera, 
while Europe with 7 peculiar genera and about 700 species is less 
rich in both species and genera than any other continent. None of 
the subfamilies are confined to a single contintent but some of the 
tribes are, the Lipariinte being South African and the Eossi^inte 
being Australian, while 20 of the 27 genera and all but 63 of the 436 
species of the subfamily Podolyriete are Australian. Two genera in 
this subfamily are American. 2 African, i Asiatic, i Mediterranean 
I Eurasia 1 and i common to North America and Asia. 

In the eastern United States there are 46 genera and 194 species 
of Papilionaceae. the genera Cladrastis and Robinia being arbores- 
cent. In the southern states there are 55 genera and 318 species. 
Sargent's " iManual of North American Trees." which includes many 
tropical forms of the Florida Keys, enumerates for the Leguminosae 
as a whole only 34 arborescent species for North America in 17 
genera. 

In Grisebach's flora of the British West Indies the Leguminosae 
outnumber all other families of flowering plants with 262 species. 
The same is true of Urban's flora of Porto Rico where they num- 
ber 136 species. 

The Leguminosm found in the Wilcox deposits number over fifty 
species, many of which are individually abundant. They represent 
the families iMimosace;e, Gesalpiniacea? and Papilionaceie. the fourth 
family of the leguminous alliance, the Krameriacea:, being a small 
herbaceous group of the New World of very late, probablv of re- 
cent, evolution. 

(df these fifty-odd Wilcox species eleven are referred to the 
Mimosacea’, 211 to the Caesalpiniace:e and 20 to the Papilionace;e. 
Definitely recognized genera are named in the usual way. Forms 
usuallv identified as species of cicada (as for example most of those 
so named bv Ilcer, Ettingshauscn, Unger, etc.) which are referable 
to the Mimosacere but not to the genus Acacia as commonly under- 
stood are referred to the form-genus Mimositcs. Forms not cer- 
tainlv identified as Cccsal^inia but referable to the Csesalpiniacex are 
classed under the form-genus Cicsall'iiiitcs while a considerable num- 
ber of Glcditsia-like forms of both leaves and pods are described in 
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the genus GlcditsiopJixIliim. a form-genus proposed by me in the first 
instance for an L'pper Cretaceous form from North Carolina. 
There is a certain unavoidable duplication in the giving of specific 
names to unattached pods and leaflets since :n some cases tiiey may 
belong to the same botanical species. I have followed this metho'i. 
liowever. in all instances where I was not sure of such a relationship. 

The Mimosacete of the Wilcox are referred to four genera. 
The genus Acacia represented by a single indisputable species in 
which the leaves are reduced to phyllodes is of great interest jince 
in the existing flora the 450 species are largely confined to the Aus- 
tralian region. The section Phyllodinete to which the \\ ilcox species 
is referred has about 300 existing specie.-- which are confined to Aus- 
tralia and Oceanica although in Eocene times they were also present 
in Europe. It is a curious commentary on the motlern character of 
the earlier Tertiary floras that the reduction of foliar organs and the 
habit of phyllody. often correlated with modern arid conditions, 
should have really been developed in these early floras. 

The genus Inga, represented in the Wilco.x by four well marked 
species, has upwards of 150 species in the existing flora, all of which 
are confined to the American tropical and subtrojiical regions. Its 
geological history is for the mo^t part unknown although it appears 
to be represented in American l'pper Cretaceous floras by higa crc- 
tacca Lesquereux which occurs in the Dakota Sandstone and in the 
Tuscaloosa formation of Alabama. Ettingshausen has described a 
species from the Cenomanian of Sa.xony {Inga Cottai) and the 
European hliocene has furnished two or three siiecie.--. while Engel- 
hardt has described a Tertiary species from Ilolivia. 

In the genus Pithecolohinm. which has two Wilcox sfiecies and 
belongs to the same tribe as Inga ( Ingete ). while the majority of the 
100 or more existing species arc -\merican there are over a .--core in 
tropical -Asia and a few in troiiical Australia and -Africa. With the 
exception of a Tertiary species from Bolivia I <lo not know of other 
fossil occurrences. 

The genus Mimositcs, with four W ilcox species, represents trees 
of the Mimo.ui type very abundant in recent species referred to sev- 
eral genera which are cither American, .Asian, .Australian or .African, 
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ainl abundantly represented in European Tertiary floras. Its Cre- 
taceous ancestry is hidden among the species of leaflets referred to 
the form-genus Lc(jiiitti)wsitts. The genus Mimosa which is ap- 
parently most like the Wilcox Mimositcs. has over 300 existing spe- 
cies and these are for the most part confined to the warmer pans of 
America, although they are represented in Asia, Africa and Aus- 
tralia, 

Except for the family Lauracete the Ctesalpiniacca; with spe- 
cies is the largest family in the \\’ilcox flora and it is certainly a fact 
of consiilerahle interest that the massing of the modern species in 
the American tropics should be foreshadowed by their numerical 
abundance on this continent as early as the Lower E<''cene, 

The Wilcox genera are five in number of which the largest is Cassia 
with twelve species. Cassia is the largest Wilcox genus e.xcept Ficus_ 
and all of its species find their modern counterparts in existing species 
of tropical and subtropical America, many of which are mentioned by 
name in the si'stematic part of thi.s work. Numerous as are the 
Wilcox species of Cassia there was apparently greater specific differ- 
entiation in contemporaneous European deposits since Eitingshausen 
records 15 species in the flora of Alum Day ( Ypresian of Isle of 
\Wght). Cassia has between tliree and four hundred existing spe- 
cies found in the warmer tenijierate and tropical regions of all the 
continents and e.specitdly abundant in tropical America, Their place 
of origin is unknown since they make tlieir a])pearance in the Upper 
Cretaceous almost simultaneously in New Zealand. Australia. Bo- 
hemia. .'^axony. Greenland, the Atlantic Coastal I’lain and the 
Dakotti Group of the Rocky IMountain province, b'pwards of one 
hundred fossil species are already known. Nor does the Eocene 
distribution shed any light on the early history of the genus since 
species occur in such widely separated regions as North America. 
Europe and Australia. There are numerous Oligoccne and Miocene 
species, the C)lig(tcene records being confined to Europe and Africa 
and the IMiocene records being confined to Europe and North Amer- 
ica. Cassia was abundant along the shores of the Eliocene iMeili- 
terraneanof Europe and 4 species are recorded from South American 
beds which are thought to be of Pliocene ago. Pleistocene species 
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are recorded from 3,Iaryland and the East Imhes i javai associ- 
ated in the latter region with Pitliccanfliropiis crcctus Dubois, (due 
fact is certain, the genus has been a part of the American flora since 
the dawn of the Upper Cretaceoius. and several of the Wilcox species 
are the undoubted prototypes of existing forms of the American 
tropics. 

The genus Ccrcis. with a single Wilcox species, makes its flrst 
recorded appearance in geological history in the Wilcox species, in 
the three species recorded from the Ft. Union deposits of the Rocky 
klountain province and a fourth species found in the Ypresian of 
the Paris basin, so that its appearance was practically contenii)ora- 
neous in France and Tennessee. It continues oit both continents down 
to the present being even represented in the Pleistocene of both. 
The modern species number five or six and inhabit the warmer tem- 
perate regions of .\merica. Europe and .Asia. 

There is one species of Cccsalpinia in the Wilcox and it is almost 
identical in character and habitat with Cccsal pinia balia)>icusis La- 
marck of tropical .America. The existing species number about two 
score of the tropics of both hemisplieres. C\csalpi)iia is recorded 
first from the L'pper Cretaceous of the .Atlantic Coastal Plain and it 
seems probable that it originated on this continent and reached 
Europe during the Eocene by way of the .Arctic region, since it i^ 
common in the Oligocene, Aliocene and Pliocene of the hitter 
continent. 

Four Wilcox species are referred to the form-genus Cbcsalpini- 
tes. These represent true forms of Cccsalpinia or of allied genera 
in this famil}'. one almost certainly representing the genii' Parkin- 
sonia. a small genus which occurs in the European Ctligocene but 
which in the existing flora is confined to the warmer part.' of Xi.irth 
.America and South .Africa. Fossil forms referred to Casalpi)ii- 
tes include about twenty of the European ftligocenc and Miocene. 

The genus Glcditsiophyllum makes its appearance in the Upper 
Cretaceous of the Carolina region. It is represented by eight species 
of leaves, leaflets and pods, often abundantly preserved, in the Wil- 
cox deposits. Their relation to modern genera is uncertain, although 
thev were evidentlv much like Glcditsia. 
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Two genera of Cassalpiniaceie which I confidently expected to 
find in the ^^'ilcox and which must have been present during this 
time in southeastern North America are Hymenaa and Bauhinia. 
The former is confined to the American tropics in the existing flora 
where it has about eight species. It is represented by characteristic 
forms in the Upper Cretaceous of Alabama. The genus Bauhinia 
which has about 150 existing species of the tropics of both hemi- 
spheres has several especially characteristic forms in the Upper Cre- 
taceous of southeastern North America ( New Jersey. Maryland, 
Alabama 1 . 

The family Papilionacete which comprises over two thirds of the 
existing Leguminoste undoubtedly represents the culmination of 
evolution in the alliance. The bulk of the family, especially the 
numerous herbaceous genera, are unquestionably of comparatively 
recent origin. In spite of tliis fact the family has twenty species 
in the ll'ilco.x. These are distributed among six genera, of which 
Daibcrgitcs. Carpolithiis and Leguminositcs are form-genera, while 
the other three are still existing. The largest genus is Sophora with 
seven species, one of which, evidently a strand tyjie similar to and 
comparable in habitat with the cosmopolitan strand plant Sophora 
tonicntosa Linne of the existing tropical flora, is very abundant in 
the ^^’iIcox deposits. There are about 25 existing species of shrubs 
and small trees referred to this genu.s. They are scattered over the 
warmer parts of both hemisjdiercs and are found on all tropical sea- 
shores. About a dozen fossil species are known. In addition to 
North America they are found in both Europe and Asia during the 
Eocene, a single form from Alum Bay ( Ypresian) being contem- 
poraneous with the M'ilcox species and the others being later. While 
few species have been described the genus is widely distributed in 
the European Miocene where Sophora citropica Unger was a com- 
mon coastal form of the Mediterranean region throughout the Mio- 
cene and into the Pliocene. 

Four species, three based on leaflets and the fourth on a charac- 
teristic pod. represent the genus Dalhcrgia in the Wilcox flora. Two 
additional species whose generic relations are not so certain are re- 
ferred to the genus Daibcrgitcs. The existing species of Dalbcrgia 



180 


BERRY— LOWER EOCENE FLr)RA OF 


number about eighty forms found in tiie tropics <ji b. iili hem.isij'nerc>. 
and all- show a strong generic similarity in their foliar ch.aracters. 
C)ver two-score fossil forms are known. The earlie-t of these occur 
in the Atlantic Coastal Plain and western Creeiilanil so that tliere is 
a strong possibility that the genus was of American origin If th.i' 
theory was correct they must have tindergune a rapid radiation since 
in the Eocene they are not only found in America and th.e Arctic 
but in Europe and Australia. The Alum Bay bedis cu' the Isle ot 
Wiglit i Ypresian i which I regard as contemporaneous, in part at least, 
with the Wilco.K. contain according to Ettingshausen. six species of 
Ddlbcrgia. European deposits furnish about a dozen (dliguceuc 'pc- 
cies and still more numerous Miocene species. Dalhci-gm privucia 
E’nger, D. rctitsu-folia Heer. D. lua iuijuina Etlingdlau^en and P. 
bella Heer are widespread coastal nurnn of the European Tertiarv, 
some of them ranging from the late (Jlig.jcene through the Miocene 
and into the Pliocene. 

The genus Cmiavalia is represented in the Wilcox hy a fine spe- 
cies undoubtedly ancestral to the exi-ting Caiuivalia obtiisift)!ia 
(Lamarck) De Candolle, a widely distributed tn.ipical strand plant. 
-V second species is less commonly repre.-ented and not a- certainlv 
identified, ihe genus ctiiuains about a dozen existing species of the 
tropics of both hemisjihercs lint has not been heretofore found in 
the fossil state. 

The Wilcox forms referred to Lciiuinhinsitcs cannot I)e dealt 
with satisfactorily since they represent pods and leallets of this alli- 
ance whose generic relations arc uncertain. The form-genus was 
proposed first h\- Bowerhank for tlie pyritized remains from the 
Island of Shcp[ie\ ( Condon Clay ). anil twis of Ins species arc tenta- 
tively identified in the Wilcox. Suh-e<iuently iiianv specie- have 
been descriljcd. They range in age from the Middle Cretaceous to 
the Pliocene. Saporta de-cribes the olde.st form in the Album of 
I’ortugal. fhe}- are iiresent in the Cretaceous of .Vustralia. the 
Cenomanian of .‘^axony. the .\tane and Patoot beds of ( ireenland. 
and the .\tlantic Coastal Clain Cretaceon.s from blarthas \ me\-ard 
to .\lahama. 1 he\ aie common in the .\rctic h-oceiie. riccurriiig 
also in Australia, America. Europe and Asia. ( )ligocene records in- 
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elude Eurijpe and Antarctica, IMiocene records are confined to Amer- 
ica and Europe and Pliocene records include southern Europe and 
Japan. 

\\ hile the foregoing analysi.' leave? a great many points in the 
history of the Leguminosie unsolved it serves at lea^t to show that 
the \\ ilcox forms are all represented and would find a congenial 
habitat in the present day American tropics and that thus early some 
of the main features of their present day development had been 
differentiated. 

The most similar fossil display of these forms is to be found in 
the Ypresian flora of Alum Day on the Die of Y'ight. which un- 
fortunately have never been described or figured, but of which 
Ettingshausen-- published an analysis and enumeration in 1880. 
Another very similar display of forms is that described by Engel- 
hardt from the Tertiary of Cerro de PotO'i m Px'livia."' The exact 
age of the latter has never been determined although it? resemblance 
to this part of the Wilcox flora suggests the possibility that it is 
Eocene instead of Pliocene, winch later has boon assumed to be its 
age. This may, however, simply be a reflection of the similarity 
between the Leguminosie of the Emba_\ment area in the Lower 
Eocene and those of subsequent periitds in the American tropics. 

The order Gcraniales includes ai familie?. with u])\\:ir(l' of 
ten thousand existing species, of which nearly one half belong to the 
family Eujihorbiacea;. The other large families in the order of their 
size are the Rutaceie. Weliaceie, l\Ial[)ighiace:e, and P'olygalacete 
each with over five hundred existing species, while the Geraniaceie, 
( Ixalidacea?. and Durseraccac each have over three hundred existing 
species. The alliance is mainly cyclic in the character of its floral 
members, starting with isocarpic forms and j)rogressing in the direc- 
tion of reduction in the number of carpels. The plnlogenetic im- 
I^ortance of the characters by which the Gcraniales as an order is 
separated from the eviilently allied Sa[)indalcs is not great and in 
some respects the ortler is aigrarently not a natural one. Six fam- 
ilies of Gcraniales have been recognized in the Wilcox flora. The 

-- EttingshdU.sen, Proc. Roy. .^oc I.oiid . \ ol jo, iisSo. pp zeS-jyo 

Engelli.-irdt, Site, iialtiriotss. Ccscll. Isis in l>ri'sdcn. 1887. AMi 5. pp. 
, 3 t>- 3 y- ; h'a,? : Ibid., 1894, Abh. i, pp. 3-13, PI i. 
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first of these, the Riitacete, consists of about iii genera anil over 
900 existing species widely distributed over the warm temperate ami 
tropical regions of the earth. The fruits are capsules, samaras or 
drupes and the leaves which may be simple or compoun.il are usu- 
ally glandular punctate. While there are 34 genera with 127 species 
confined to America the family makes its greatest display in the Old 
World, Africa having 16 peculiar genera with 196 species and Aus- 
tralia 28 peculiar genera with 185 species. In addition to 6 genera 
with 7 species confined to the Asiatic Mainland there are I'l genera 
with 167 species found distributed from southeastern .Asia through 
Alalaysia greater or less distances, in some cases to Xew Zealand 
and Polynesia. The only truly cosmopolitan genus is Fagara with 
upwards of 150 existing species and represented in all trc>pical 
countries. The tribe Boroniete with 18 genera and 158 species is 
confined to Australia and Xew Zealand; the Diosine;e with ii genera 
and 181 species is confined to South Africa; and the CuspariecC with 
16 genera and 83 species is confined to tro[)ical America. All of the 
other rather numerous tribes are represented in more than one con- 
tinental region. 

The family contains the remarkable number of 42 monot_vpic 
genera and while many of tliese niav be regarded as ui recent evolu- 
tion, as for e.xample a miniher of tlio.'c of .Australia, the isolated 
occurrences of many of the others indicate^ that thev are of great 
age and once occupied intervening areas. 

There arc only twelve known fossil genera, or onlv al)out 10 ])er 
cent, of the existing genera, .so that little can be said of the fossil 
history of the family. 1 he oldest genus L itroj^h^lhuii Berrv rep- 
rewnted by very characteristic leaves with alate petioles fouml in 
the Dakota sandstone of the Roickv Ahiuntaui province .am! from 
Xew Jersey to Alabama along the .Atlantic coast in the Raritan, Alag- 
othy, Aliddendorf and Tuscaloosa formations. 'I'liere is a second 
sjiecies of L itrophyllnui in the A\ ilcox anil a third in the overlying 
Claiborne. These forms arc very similar to the leaves of recent 
members of the .Anrantioideae and undouhtedly repre-ent ancestral 
forms. The genns I>icta)iiinis Linne with a single existing species 
\\ idel\ distiihuted in Lura'^ia, has furnisheil a foss]| form in the 
riiocene of h'rance and a second in the Pleistocene of fapaii. Unge 
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in 1S50 described petrified wood from the Aquitanian of Greece as 
Klippsteinia tncjullaris referring it to the AurantioideK. 

The genus Ainyris ( P. Browne) Linne has about a dozen exist- 
ing species in the Antilles and Central America, two of which reach 
tlie coast of southern Florida. A fossil form is recorded by Unger 
from the late Miocene ( Sarmatian 1 of Hungary. This determi- 
nation is not conclusive however although Unger had both the leaves 
and fruit of Protainyris bcrcniccs. Unger also described the sup- 
posed ancestral genus Protnmyris to which he referred four species 
from the Aquitanian of Kumi and the Miocene of Croatia. These 
are not especially convincing and both Ettingshausen and Schenk 
consider Protainyris radobojaiui Unger to represent a species of 
Ccdrcla. 

The genus XantlioxyluDi Linne with nine or ten e.xisting species 
of eastern .Asia and North America has been a favorite receptacle 
for fossil forms of Rutaceae. About a score of species have been 
described, the oldest coming from the basal Eocene of New Alexico 
( Raton formation) while a second Eocene species is recorded from 
the Bartonian of France. Engelhardt has described two Eocene or 
Oligocene species from Chili. There arc four Oligocene species, 
two in France and two in Prussia. There are about thirteen Afio- 
cene sjtecies, widely distributed and represented in California, Colo- 
rado. Spain, France. Switzerland. Baden. Bohemia, Croatia and Hun- 
gary. The two Pliocene s[)ccies represent France and .Vsia Alinor 
and one of the recent species is found in the Pleistocene of Japan. 
It seems probable that Xaiitlio.vyliiiii was derived from Fiu/ara 
through a loss of the floral calyx and by adaptation to less tropical 
climatic conditions. 

The genus Pdgara Linne is substituted for Xantlio.ryliiin bv manv 
recent systematists. although I prefer to consider it as the ancestral 
struck and in the older sense as including the 150 cosniopi.ilitan trop- 
ical species while aufhoxylimi includes the e.xtratrojucal forms of 
Asia and .North .America. Undoulttedly several if not all of the 
fi)ssil fiwms described as species of Xaiithoxylit>n arc more properly 
referred to Fuiiara altbough none have heretofore been described 
under this name. The Tertiary flora of southeastern North Anterica 
contains several very characteristic forms of this genus. The oldest 
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are three species from the Wilcox Group. There is another in the 
overlying Claiborne Group. The Vicksburg Group has furnijlieh a 
very common form with several well-marked varieties some of the 
leaves of which show their glandular punctate character beautifully 
preserved. Still another form is found in the Apalachicola Group 
of Florida. 

The genus Ruta Linne with upwards of too existing specie? 
mostly of Eurasia although present in Africa and South America, 
has furnished IMenzel ( 1913 1 with cliaracteri?tic capsules in the 
Aquitanian of Rhenish Prussia. 

The genus Phellodenjron Rupr. with two existing Asiatic spe- 
cies is represented in the Aquitanian of Rhenish Prussia b_v fruits 
(drupe). Engelhardt has described species of Ticorca. Pi’o:arpiis 
and Erythrochyton from the early Tertiary of Chili. 

The remaining genus with fossil representation is Ptcica Linne 
which has 7 or 8 e.xisting species-” confined to the I'niied States and 
iMexico. The fossil forms are represented by Itoth leaves and char- 
acteristic fruits. The oldest comes from the .Arctic Eocene. There 
is a species in the Oligocene of Italy and six Miocene species, occur- 
ing in Colorado. France. Switzerland, Carniola and Hungary. A 
Pliocene species is recorded from Italy. (')bvi<jusly the record will 
have to become much less fragmentary before any creditalde conclu- 
sions can be drawn respecting the place of origin and geologic his- 
tory of the Rutacete. 

The family Simarubacete 1 often .sjielled Simarouhacere i in- 
cludes about 28 genera and upwards (jf 150 existing species of 
shrubs or trees with pinnate leaves and (lrupace(.)us fruits, con- 
fined chiefly to the tropics and the warmer jiarts of the norih- 
ern hemisphere. Only three of the existing specie? reach a? fat- 
northward as the coa?t of southern l-lorida. The familv i? -nil rep- 
resented on all the continents except Eurojie. Two genera with 
four species are confined to Asia; 3 genera with 4 specie? are con- 
fined to Au?tralia ; 4 genera with 6 species are confined to 
Africa and 9 genera with 71 species are confined to America. 
The most widespread .specie? is the monoty[)ic Siiriaiia inaritima 
Linne a cosmopolitan tropical strand plant occurring on the dunes, 
keys and coastal hammocks of southern Idorida. 

‘"Greene has recently described \ cry manj puorly established new species 
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The only genus represented tn the Wilcox is Siinaniba Aublet, 
tvhich has furnished a single species. Siinaniba coccnica Berry, 
closely resembling the existing Siinaniba glaiica De Candolle which 
is found along tropical coasts from southern Florida to Brazil. 

The only other genus with a geological history is AilantJuis Desf. 
which has 7 existing species of eastern Asia and the East Indies. 
The fossil species number about fifteen. There are two in the 
Eocene of A'yoming and Oregon ; eight in the Oligocene of Erance, 
Alsace. Styria and Prussia; and five in the iMiocene of Erance. 
Switzerland. Baden. Italy and Colorado. W'hile in the absence of 
collateral evidence that the Eocene occurrences in Xorth America 
have any significance regarding the origin of the genus it is an in- 
teresting speculation that the genus originated in Xorth America 
and subsec|uently reached .Asia by way of the Eocene land connec- 
tion across Behring straits. Certainly the genus lingered on this con- 
titient. as is evidenced by its presence at Florissant, as late as the 
Middle Miocene. 

The family iMeliaceae contains about 42 genera and about 6S0 
e.xisting species of shrub.s and trees with pinnate leaves. The vast 
majority are found within 30 degrees of the eijuator although they 
reach 40° north in eastern Asia and 40'^ south in X’ew Zealand. 
iMoreover the China berry {Mnia aacdarach) has been cultivated 
from time immemorial in all Mediterranean countries, and through- 
out the southeastern United States since its settlement, and is per- 
fectly hardy. There are no temjierate outliers however. M'hile the 
IMeliacete occupy a greater continuous area in .South America where 
over 41 per cent, of the existing species occur, this large number of 
species ( about 2S5) represent only ig per cent, of the known genera. 
There are some remarkable similarities between the species of the 
American tro])ics and those of West Africa. Thus the two small 
genera Szeictenia and Carapa are represented in both areas and 
Carapa proccra is even said to be common to the two. IMoreover the 
genus Giiarca which has about 80 species in the American tropics has 
three in A est Africa. The larger number of genera are found in 
the S. E. Asiatic region and the number of genera and their mutual 

"I Aliantliopliylluin Dawson with a single species is described frum the 
Eocene (?) of British Columbia. 
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affinities decrease from Asia toward Africa and also through Poly- 
nesia. A number of genera ( TooJici. Xytocai'l’us. CipjJcssLi. Mclici ) 
e.xtend from Africa through Asia to Malaysia. Two genera are 
peculiar to Australia t Sxiioimi, Ozcoiic ) and two to Polynesia ( I c- 
zrcr. Meliadelpga i. There are thirteen monotypic genera of which 
six are African and seven Asiatic. From the distribution of the 
existing species De Candolle"- infers that southern Asia is the center 
of radiation of the family. I am inclined to think however that the 
reverse is probably true since the oldest known forms, except the 
entirely doubtful Cedrelospermites of Saporta from the \'alanginian 
of Portugal, are American, and the widespread existing American 
representation of the family seems to comprise the specifically mul- 
tiplied descendents of the original stock already represented in the 
Wilcox flora. 

The Asiatic genera would represent immigrants into that area nr 
forms evolved there. The Polynesian and Australian forms are 
much localized derivatives of the Indian stock and unless the peculiar 
species of Xew Caledonia could not reach that region except by a 
land connection it may be inferred that this -k>iatic radiation was 
relatively recent. 

The fossil species are unfortunately few in number. So far as 
I know the only fossil siiecies of Carapa is that found in the Wilcox. 
Its occurrence in the early Ei.icene is at least a factor in e.xplaining its 
present distribution in both the .-\mcrican and West African tropics. 
The fact that Cant pa proccnt is common U.r these two areas ma_\' sug- 
gest that all of the African species are recent immigrants, but it is 
more probable that there are unrecognized specific dirterences in this 
form in the two areas and that the present disconnected di-tribution 
is an example 'jf survivors from the early Tertiary railialion. An- 
other genus with a modern distribution like Carapa is the genus 
Moschoxyldti Jussieu (made a section of Tricliilia Pinne by Harms 
in Engler and Prantl) which has about •'lO species of trn])ical .\mer- 
ica and West .\frica. This has furnidied two fio^il species de- 
scribed by Engelhardt from the early Tertiary ( Eocene ■ ,r ( >ligo- 
cenej of Chili. The genus Ccdrcla. sometimes made the type of an 

De Candolle, C, (le. “On the Go eeraphieal DntribiUiou of the Melia- 
Trails l.iaii Sac Land . 2 ser , Ihit. \i.l. [, i,s,S(e pp, P1 p), 3:. 
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independent family, the Cedrelacete, has four Wilcox species, Eocene 
prototypes of existing American species. This genus with 9 or 10 
species is confined to -\merica in the existing flora and is only known 
outside this area in two species from the IMiocene of Croatia which 
Unger referred to CcJrcla and an undescribed Ccdrcla recorded by 
Ettingshausen from the Ypresian of the south of England. Saporta 
has, however, recorded six species of CcJrclosl’crniinii from the San- 
noisian of southeastern France. The fossil record of these three 
genera Carapa, Mosclio.ryloii and Ccdrcla, brief as it is. shows clearly 
that the IMeliacete are not a modern clement in the flora of the Amer- 
ican tropics but one that was already well differentiated in the early 
Tertiary. 

The remaining fossil references to this family comprise Mcliacccc- 
carpuni based (sn capsules from the Aquitanian of Prussia which 
IMenzel their describer compares with those of the genera Dyso.vy- 
luin and Giiarca. F. von Muller has described Kliytidotheca and 
Plcioclijius. two supposed meliaceous genera based on fruits, from 
the Pliocene of .\u5tralia. 

The family Humiriacere is a small one. comprising only three 
genera and a score of species of shrubs and small trees all of which 
are confined to the American tro]fics except a single species found in 
tropical West Africa, a distribution su.ggcsting a history comparable 
with that just suggested for Carapa. Moscho.vylon and Ccdrcla. The 
only known fossil species is one from the Wilco.x very close to the 
exi.sting I’antcnica paniciiiata Urban of northern South America. 

The family i\Ialpighiace;e. confined to tropical and subtropical 
countries, contains about 55 genera and C50 e.xisting species, many of 
which are scandent, including some of the finest lianas of the tropics 
with stems 2 dcm. in diameter. Uihcrs are shrubs and trees. The 
leaw's are opposite and .simple and the fruits druiiaccous, cai'sular, 
<.)!• nutlike, and often winged. The only species that reaches the 
L'nited States is Byrsoniiiia liicida ( Swartzj De Candolle, a small 
evergreen tree of the h'lorida keys. 

'idle family is predominantly American in its distribution, over 
(>J per cent, of both genera and species being confined to the W est- 
ern TTeniisphcrc i genera and 440 species'). The genera are all 
local in the sense that none occur in more than one continental area. 
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Of the two subfamilies into which the family is flivideil — the Ih ra- 
midotorce and Planirotie, the latter with two tribes (jalphimiere and 
IMalphighieas are entirely American. Of the three tribes into which 
the Pyramidotorte is divided the Tricomariete are entirely American, 
the Hiraeete have 3 genera and 23 species confined to Asia. 3 genera 
and 12 species confined to Africa, a genus with 12 species ranging 
from Xlalayasia to Australia, and 9 genera with 151 species confined 
to America. The remaining tribe, the Banisteriete, has a niunott pic 
genus in Asia, 2 genera and 15 species in Africa, a single genus with 
7 species ranging from the East Indies to Australia and ii genera 
with 247 species confined to America. 

There are 21 monotypic genera distributed as follows; Micro- 
steira confined to Madagascar: FlabcUaria confined to Africa; Can- 
cantJius confined to Arabia; Bnichylof'Iion confined to farther India: 
Mezia, Diploptcris, Lophoptcris, Clonodia. Colcostacliys. Blcpharan- 
dra, LophantJicra, J’crrucalaria, Ptcraiulra. JcuuDithcra. Piacidia. 
and Glandoiiia confined to Brazil, (rniiana and \'enezuela : Ilcnlco- 
phytum confined to Cuba; Lasiocarpus and Echinoptcris confined to 
IMexico: and Triconiarui and Mionandra confine<l to .Argentina. 

Alonotypic genera in general are susceptible of two interpreta- 
tions, i. e.. they represent either the last survivors of a long line as in 
the case of the Giiikijo. Sassafras, etc., or they represent relativelv 
recent specializations. In the case of the foregoing nuonotvpic 
genera it seems probable that the majority are the re-n!t of relativelv 
recent evolution since there is nothing in their character nr distribu- 
tion to suggest any extended geologic history ami none have been 
found in fossil floras. 

The fo.ssil recoril is most incomplete. .\'o forms are known 
from the Upper Cretaceous for although Etiingshausen reconled a 
species of Malpujliiastriim and one of Banistcrioph.xV.um fmm the 
Upper Cretaceous of .Australia, those ideutificatioiw are open to the 
most serious question ami I do m t consider them of anv weight in a 
discussion of this kind. The family is certainly repre>ented in the 
lower Eocene by five species of Malpi;;Iiiastniiii. Ilirica and Bauis- 
tcria in the A’presian of the south of England and by five s|iecies of 
Blircra and Banistcria in the Wilcox flora, based tijjon both leaves and 
characteristic fruits. There are aPo doubtful species of Mulpii/hias- 
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truni and Banister'wl'hyUum described from die Eocene of Australia 
by Ettingshaiisen. Thus there is no direct geologic evidence of the 
place of origin of the family. The fact that it is so predominantly 
American at the present time and that only two genera have reached 
Australia from the East Indian region and that two of the American 
genera appear in the northward extension of the early Eocene flora 
of the American tropics during the Wilcox and are as ancient as any 
certain records of the family anywhere, renders the conclusion that 
the family originated in equatorial America an extremely probable 
one. \\ ith the exception of the Wilcox records enumerated above 
nearly all of the fossil records relate to Europe, and these may be 
briefly enumerated. 

The genus Malpighiastnim of Unger has about 30 recorded spe- 
cies. These include the doubtful Upper Cretaceous and Eocene spe- 
cies previously mentioned as recorded by Ettingshaiisen from east- 
ern Australia : 3 Ypresian species from the south of England : eight 
Oligocene species in France. Italy, Dalmatia. Styria and Transyl- 
vania: about 15 Miocene species in Italy, Prussia. Pohemia. Croatia 
.and Transylvania: and two Pliocene species in Italy. 

The genus }Ictcro[<tcris Jussieu, witli abuut 00 existing species 
ranging from IMexico and the .Antilles to Bolivia and Brazil, has a 
late Ciligucene species in Transylvania and two Miocene species in 
Styria and Croatia. 

The genus Hinca Jacq., with about 25 existing species ranging 
from Alexico and the .Vntilles to Peru, has furnished about ten fossil 
species, based for the most part on the winged fruits. There is a 
species in the A'presian of southern England and a characteristic 
fruit in the \\ ilco.x : four Oligocene species in the Tvrol, Stvria and 
Transylvania: three Alioccne species in Baden, Stvria and Trans} 1 - 
vania : and a Pliocene species in Brazil. 

The genus Tctra['tcris Cav.. with about 60 c.xisting species rang- 
ing from the West Indies and Mexico to southern Brazil and Bolivia, 
has furnisheil a fossil species in the Oligocene of Stvria and three 
Alincene species in Bohemia. Styria and Croatia. 

'idle genus Stu/iiiatof'IiyUoii Jussieu, with about 45 existing spe- 
cies found in the Bahamas and .Antilles and along the east coast of 
.America from Alexico to L'ruguay, has furnished Saporta with a 
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somewhat doubtful form from the Upper Clligocene of France. 
Similarly the genus Byrsonima L. C. Rich., with oo existing species 
ranging from the Bahamas and iMexico to southern Brazil and 
Bolivia has been recorded by iMassalongo from the early Pliocene nf 
Italy, but the identification is extremely doubtful. 

The genus Banisten'a Linne contains about 70 existing species 
of climbing or scrambling shrubs ranging from the West Indies 
throughout tropical South America. It is represented by four spe- 
cies based upon both leaves and fruits in the Wilcox ; there is a 
Ypresian species in the south of England; four Oligocene species 
in France, the Tyrol, Alsace and Styria: and four iMi(3cene s])ecies 
in France, Switzerland and Croatia. 

The genus Banistoiophylhiiii Ettingshausen with a single I’pper 
Cretaceous and an Eocene species in eastern Australia I regard as of 
very doubtful affinities. Schenk also states that wood of a malpighi- 
aceotis type occurs among the silicified woods from the C)ligocene 
of the Island of Antigua. 

The family Euphorbiacete is sometimes made the type of a dis- 
tinct order, the Euphorbiales, although tlie significance of the char- 
acters by which it is segregated from the Gcraniales is not obviou-. 
It is an exceedingly large alliance with about 220 genera and 4,000 
existing species ( Pax, 1890) of herbs, shrubs and trees, widelv dis- 
tributed throughout the tropical and temperate zones. The genus 
Euphorbia with over 700 species is perhaps the most widelv distrib- 
uted genus in the family. .-\ very large number of the recent species, 
particularly those of xerophytic character so closely simulating the 
Cactaceae, are of relatively recent evolution. 

In such a multiplicity of existing genera and species any effort to 
trace the larger features of distribution would occupv more space 
than it is worth in the present connection. Four arborescent genera 
with five species reach the United States in the Florida regi(_)n, and 
several additional are naturalized in that area. A con-'iderable. hut 
relatively insignificant, number are recorded during the F'pper Cre- 
taceous and Tertiary. The fossil records will, however, have to be 
greatly increased before they can he said to shed any definite light 
on the geological history of the family. Enough is now known. 
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however, to abrogate the statement made by Schenk®' and quoted by 
Pax®^ that there is no certain evidence of the existence of the Euphor- 
biacete during the Tertiary. The following genera have been re- 
corded as represented in the fossil state. 

Euphorbia with a single species based upon a fruit described by 
Heer from the Swiss iMiocene; Eupliorbioides based on an inflores- 
cence described by Wessel and W eber from the Aquitanian of Rhen- 
ish Prussia ; the genus EupliorbiophyUiim with several species to be 
noted presently : I have described a very characteristic species of 
Manihotitcs from the Upper Cretaceous of Georgia: the genus Cro- 
tonophyllum has several Upper Cretaceous and Eocene species: 
Cluytia is reported from the Eocene of the Isle of Wight and the 
Oligocene of Saxony and Rhenish Prussia : the following genera 
each with a single species were identified by Ettingshausen from the 
Miocene of Bohemia, i. e., Adcnopcltis, Baloghia. Omalanthns and 
Phyllaiithus. Conwenz has described a euphorbiaceous flower from 
the Baltic Amber ( Sannoisian ) as Aiitidcsma nta.vi>nozoic::ii and 
Felix has described petrified wood from the Tertiary of the U. S. of 
Columbia as Eiiphorbio.vyloit. Hiira-Vike fruits are also recorded 
by Knowlton from the lower Eocene ( Raton formation) of Xew 
iMexico. Engelhardt has recorded species of Omphalca Linne. Tct- 
raplandra Baillon and Mallotits Lour., from the earlv Tertiary of 
Chili. 

While difference of opinion regarding the determination of some 
of these records is justifiable I regard Manihotitcs, Eupliorbiophyl- 
Inm, Crotonophylliim and Etiplwrbio.vylon as definite evidence of the 
existence of the Euphorbiacese during the L'pper Cretaceous and 
Tertiary. 

The Wilcox species are five in number and are referred to the 
genera Crotonophylliim. Eiiphorbiophylliini and Drxpctcs. The 
genus Crotonophyllnni was proposed hy Velenovsky for a well- 
marked species from the Cenomanian of Bohemia. I have described 
a second species from the L'pper Cretaceous of South Carolina. Two 
species are recognized in the Wilcox and of these Crotonophyllnni 

Schenk. " P.-iteophytologie.” pp 5p4-5yr. i&X). 

■u Pax. in Engler and Prantl’s “ Naturlichen Pflanzenfamilien.” iSyo. 



192 


BERRY— LOWER EOCEXE FLORA OF 


[April 


eocenlcum Berry may be successfully compared with a number of 
the six hundred existing species of Croton which is so abundantly 
represented in tropical America. Comparisons are especially close 
with Croton elutcria (Linnet Bennett which is found in the low cop- 
pice of the beach ridges throughout the Bahama islands. 

The genus Eiiphorbiophyllnin was proposed by Ettingshausen in 
1S53 for several species from the Sannoisian of the Tvrol. Al- 
together over a dozen species have been described by Ettingshausen, 
Saporta and Engelhardt. These have been compared with the ex- 
isting, mostly tropical American, species of Styloccras. SapiiDii. Si'd- 
lingia. Adenopeltis, Exoccaria, Colliqnaja, etc. The oldest comes 
from the Cenomanian of Portugal and a second Upper Cretaceous 
species occurs in theTuronian of southern France. In the Eocene there 
is a species in West Greenland, a second on the Island of Sheppey 
(Ypresian) and a third in the Paris basin (LutetianL Five flligo- 
cene species have been described from the Sannoisian of the Tvrol. 
and a sixth from the Chattian of northern Bohemia. There are two 
[Miocene species in Switzerland and two in Styria : a Pliocene species 
is described by Krasser from Brazil. A single small-leafed species 
of Euphorhlophylliim is of rare occurrence in the middle Wilcox. 

The genus Dry petes \'ahl. has about a dozen existing species con- 
fined to tropical and subtropical America. Three extend southward 
to northern Brazil and two range northward to the Florida km s. 
There are two well-marked species in the Wilcox flora — one an 
Eocene [n'ototype of tlie existing Drypetes keyensis Urban, and the 
other of the existing Drypetes lateriflora ( Swartz) L'rban, both small 
trees of the coastal flora of southern peninsular Florida, the llahamas, 
W est Indies and Antilles. The genus, which has not previouslv been 
recorded in the fossil state, was probably of American origin and 
there is no evidence that it ever spread to the eastern hemisphere. 

The order Sapindales, sometimes called the Celastrale■^. includes 
some twenty families, together containing about 3,200 species, the 
largest families in the order of their .size being the Sapindacem which 
has more than twice as many species as any of the others : the Celas- 
tracete, Anacardiacem. Balsaminaceae, and Ilicacete. As in the pre- 
ceding order, the Sapindale-^ ,>tart with isocarpic forms and pass to 
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in wliiO; tlie carpels are reduced in number, and in the more 
cV' ilveJ families the 'lowers have become zygomorphic. Since there 
;ire Several chAtinct lines of development and the separation from the 
Ge-raniales is based on cliaracters that seem trivial, it -seems probable 
ih.at the famdies comprising these two orders as at present uncler- 
.'tciciid represent a plexus of forms whose filiations are not yet 
understood. 

Tlie first family of the Sapindales that is represented in the 
\\ ilcox flora is the Anacardiacea;, an exceedingly natural group. It 
contains about 5S existing genera and 435 species of shrubs and trees 
with round pithy branches, resinous and frequently toxic juice, 
alternate, simple, palmate or pinnate, exstipulate leaves, and dru- 
paceous fruits with exalbuminous seeds. The Anacardiacere makes 
its greatest cli-play in the tropics and subtropics of both hemispheres 
but in the existing flora is especially characteristic of tlie Malaysian 
region. Rims is by far the largest genus and the only one of the 
family found in the extra tropical regions of both the northern and 
southern hemispheres. The present geographical di^tribution shows 
many anomalies throughout the family. Thus the geiius Caml'o- 
Thwaites has eight species in Madagascar, Ceylon, Sumatra, 
Borneo and the iMalaccas and a single species in northern Brazil. 
The genus Soriiulcia Thouars of tropical Africa and Madagascar is 
most closely allied to the genus Maiin'a Kunth of the Andes of South 
America. The genus CalcsiiDii Adanson has 13 species in tropical 
Africa and one in the East Indies. The Eurasian genus Pistacia 
Linne has a single species in Mexico. The genus Tli\'rsodunii Ben- 
tham has 4 species in the Amazon region of South America and one in 
tropical West Africa. The subfamily Mangiferte with about So 
species is entirely blalaysian except for a species of Gluta Linne in 
Madagascar and the genus . hiacarJiniii Linne which is confined to 
tropical South America, chiefly in Brazil. The subfamily SpondieK 
i> found in the tropics of all the continents, excepting Europe, The 
subfamilv Rhoidea; is found on all the continents and shows a pairing 
of a considerable number of genera in equatorial Africa and America, 
The two remaining subfamilies, the Semecarpere and the Dobineete 
are restricted to the region extending from India to Australia. The 

TROC. AMFR PHIL. SOC , LIU, 214, M. PRINILD JILY I3. I914. 
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family contains twenty monotypic genera distributed a' follows : 
Asia 5, Australia 3, Africa 6. Madagascar 3. Xorth America 2. and 
South America i. 

The fossil records of the Anacardiaceas are very incomplete 
although there seems to be no doubt that it was represented in both 
Europe and Xorth America as far back as the Upper Cretaceous. 
As in the existing flora the most abundant genus in the fossil record 
is Rliits to which over one hundred species have been referred. Eight 
of these are Upper Cretaceous forms the oldest coming from Xorth 
American strata correlated with the Cenomanian ( Raritan. Dakota 1. 
The genus appears in Europe in the Turonian of Bohemia. There 
are over a dozen Eocene species of Rhus, widely scattered. Thus 
there are three in the Ypresian of Alum Bay, four in ^^'e^t tlreen- 
land and Xorth American species in the Lance. Kenai, Ft. Union and 
Green River formations. The genus doubles its known species in the 
early Oligocene, being especially well represented in southern France, 
but also recorded from the Tyrol, the Baltic amber, Italy. Carniola 
and Styria. 

In the Miocene Rhus seems to have been as abundant, as well 
dilferentiated. and as widely distributed as it is in the existing flora, 
for over sixty fossil species have already been described. The 
records embrace all European countrie' where Miocene plants have 
been found as well as Iceland and the following X’orth .\merican 
localities: — IMaryland, Virginia, C(florado, Yellowstone Park, Idaho, 
Xevada. Oregon and California. ( >nly a small number (;f Pliocene 
species are known and these arc recorded in Spain, France. Itah, 
Germany and Slavonia. 

Three Pleistocene species are recorded. 2 from Japan and one 
from China, all closely related to still exi.sting sjiecies of that region. 
Engler=-' some years ago reviewed the geological records of Rhus 
and concluded that most of the then known fossil species belonged to 
the section Trichocarp;c fin the existing flora with over a 'Core of 
species mostl}' confined to X'orth America and eastern Asia I. or the 
section Gerontogete (with 75 existing species moTly confined to 
South Africa'). A few fossil forms he considered as representing 
the section A'enenatre, which has about 14 existing species in Xorth 

o Englcr. A . But. JiiJirb., Bd i, ly.Si. pp. 413-419 
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and South -Vmerica. The other sections into which the genus is sub- 
divided w ere not recognized among the fossil lorms. 

The allied genus Cotiinis with two or three existing species in 
Eurasia and Xorth America is probably represented by some of the 
fossil forms referred to RJiits. c. Saporta considers Rlins anti- 
lopuni I'nger from the Aqtiitanian of Ktimi as a specie' of L otinns. 
This author has also described Cotinvs paUc'\'oiuiHS. anil Cockerell 
has described Cotinus iratcma from the Miocene of Florissant. 
Colorado. 

The genus Pistacia with five existing iMediterannean species and 
one each in eastern Asia and IMexico has about fifteen known fossil 
species the oldest, of doubtful value, coming from the Raritan of 
Staten Island. A second Cretaceous species is found in the Laramie 
of Colorado. Europe enters tlie record with a Tpresian species from 
Alum Bay. There are three (dligocene species in France and 'even 
Miocene species in France. Bohemia. Styria. C.alicia. and Iransyl- 
vania. There is a Pliocene species in Styria. an extinct Pleistocene 
species on the Island of Madeira, and the exi'ting Pistacia Icntisciis 
Linne in the Pleistocene of the Island of Santorin. 

The genu.' Anacarditcs Saporta i .-hiacardiopitylliiin) has been 
Used as a form-genus for fos.'il Anacardiaccte of uncertain generic 
relationship. As used by Saporta it represented fossil forms resem- 
bling existing species of Maiti/ifcra. .liiaphrciiiniii. Spoiidias. Coiito- 
cladia. Holujania. etc., but not determinalilc with certaint}’. Heer 
has described a supposed species of . Iiiacardifcs frcrm the Atane 
beds of M'est Creenland. Tliere are two species in the Sparnacian 
and one in the Ypresian of France and seven well marked species in 
the \\’ilc('x. There are two or tliree < >ligocene species in France 
and (iermany and two or three Miocene species in P'rance and 
Sttria. Felix has described petrified wood from the Eocene of the 
Caucasus which he refer-- to Aiiacardioxylou. a t\pe aLo repre- 
sented in the ( 'ligoccne of Antigua in the American tropics ( species 
compared with existing gentis Spondias) . 

The floral genus Hctcrocaly.v Saporta i Trilohium Saporta. Jtla- 
phriiim I’nger. Getonia I’nger ) which occurs at a number of horizons 
in the Oligocene of P'rance. Croatia, and Styria is re]ircsented b}‘ a 
second species in the M ilcox. Saporta compared it witli the South 
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American genus Astronium but Engler i^op. cit. i considers ir most 
like the hlalayan genus Panshia. 

The genus Mctopium, not certainly recognized heretoiure, Itas a 
rvelhmarked species in the Wilcox. Several Tertiar}' weeds are 
described by Unger as Rlioidium and Saporta has d.e'Cribi.d a species 
of Sciiinus from the French C)ligocene i < fargas i which is wronglv 
determined according to Schenk i p. 541 ). 

ihe genus Spouduccarpnui has a species in tlte earlv Eocene of 
France and a second in the Aquitanian of Rhenish Prussia. Recentlv 
Fritel has described leaves from the Aquitanian of France wh.Fh he 
calls Sonccarpitcs that are very close to the existing genus 
carpus which has about 40 species ranging from India to Aiutralia. 

The family Ilicacece (.Yquifoliacete) is a relatively small one com- 
prising only five genera and about 180 existing species, Thev are 
shrubs or trees with alternate, simple, entire or toothed, often cori- 
aceous leaves. The flowers are small, dioecious* and hvpogvnous. 
The fruit is a drupe with a thin fleshy sarcocarp enclosing as manv 
crustaceous nutlets as there are carpels. The genus Ilc.v Linne to 
which all but seven of the existing species are referred is found in 
all tropical and temperate regions of the world e.xcept western 
North America, Australia, New Zealand and New Guinea. The 
remaining genera of the family are Oucothcca I'.aillon with a single 
species in New Caledonia. Xciiiopaiitlics Rafinesque with a single 
species in temperate North America, S phenostemon Eaillun with two 
species in New Caledonia, and Byroiiia Fndlichcr with three specie-, 
one in Tahiti, one in the klawaiian Islands and one in .Australia. 
This modern distribution is a certain indicaticin that the iamil\' has 
an extended geologic historv. 

Ctver a hundred fossil species have been referred ti' tlic genus 
Ilc.x. At least thiiteeu species are recorded from the I pper Cre- 
taccou-. -Vll but one from the Turemian of Hohemia are Irmu the 
w e-tern hemispheic .and include two in the Raritan formatiun, three 
in the Alagothi formation, seven in the Dakota -and-tone, one in the 
Atane and tw o in the Patoot beds of western ( dreenland. 

Thcic are about fourteen Eocene species including four in the 
Wilcox, one in the Ypre-ian of England, one in the Fort Union, four 
in the ( ireen River beds, live in Greenland, one in .Alaska and one in 
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Australia. There are over a score of Oligocene species including one 
from Chili that may even be of Eocene age. The lower Oligocene 
or Sannoisian has eleven species in France. Tyrol, Saxony and Prus- 
sia and includes three species of flowers described by Caspary from 
the Baltic amber. The i\Iiddle Oligocene or Tongrian has six species 
in France, Italy, Germany and Styria and there are seven species in 
the Upper Oligocene ( Chattian') of France. Bohemia and Greece. 
Upwards of fifty species have been described from the iMiocene of 
Europe and Asia, and from Xew Jersey. Colorado and California in 
this countr}'. The most prolific iMiocene area is that of France. 
About ten species are known from the Pliocene of Spain. France. 
Italy, Prussia and Asia iMinor. One fossil and four recent species 
are found in the Pleistocene of \'irginia. North Carolina, Alabama. 
Kentucky and the Island of iMadeira. In addition to the fossil 
forms referred to Ilex, two Miocene species from Italy and Styria 
are referred to the genus XciJio['aiitlics and four forms from the 
late Oligocene or the iMiocene of Prussia, Styria. Croatia. Bohemia 
and Greece are referred to the genus Priiios Linne, wh.ich is usually 
considered a section of Ilex. The four species from the Wilcox that 
are referred to Ilex are represented in the collections by a ^ma!! 
amount of mostly poor material and are without special significance. 

The family Celastracea; includes about 40 genera and upwards 
of 400 e.xisting species of trees and .shrubs with opposite or alternate, 
simple, persistent or deciduous leaves and capsular or drupaceous 
fruits. The three large genera F.iionyinus. Cclasinis and Cy»nio- 
spona are practically cosmopolitan and several additional genera 
localized in the modern flora were co.smopolitan in the Tertiary. 

The following 12 genera with over 100 species are confined 
to -\merica; Fraitnhoj era , Mortouia. Glossopcfalniii. Schaefferia. 
Goupia. Maylciiiis, Pacliysiiiua. Zinozeiczeia. PIciickia. JJ'iiiuiieria . 
Gyniuida, Rhaconia. The genera Glyptopetalum and Triptcrxtiuim 
together udth five species are confined to Asia. The genera Ilypso- 
pJiila. Dculiamia and Hcdraianthera together with seven species are 
C(snfined to .Vustralia. And the following ten genera with about 60 
species are confined to Africa or Madagascar: F^iitterliekia. Catha, 
Pterocelasfnis. Polyeardia. Ptclidiiiiii. Cassiiie. Fhcodeiidroii. Mauro- 
ceiiia, Sdn-L-'hcra and Lauridia. 
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The family is definitely represented in the Creuieeijn' b_\ a: leu't 
five genera and is an impi'irtant element in mti-t i ernary floras. 
The oldest known genus is the form-genus Iidj: prop '?ed 

by (dmppert. Five well-marked .'pecies occur in tife Paiap;co for- 
mation ( Albian) of A'irigina and IMarcland. At the base of tr.e 
Upper Cretaceous, particularly in X'Srth America, a large number 
of species occur. Upward of thirty have been tlescribed of which 
number two are recorded from Xew Zealand and two from the 
Cenomanian of X'iederschcena in Saxony, There is a species in the 
Atane beds of Greenland and three in the Patoot bed' The re- 
mainder occur in the United States and have the following >listribu- 
tion: ten in the Raritan formation of X'ew Jersey ami -Mar\land, 
twelve in the Tuscaloosa formation of Alabama, two in the IMagutliy 
formation of X'ew Jersey and Maryland, two in the Middendorf 
beds of South Carolina, seven in the Dakota sandstone, and two in 
the Black Creek formation of Xorth Carolina, There are ten Focene 
species — seven in the basal Eocene of Belgium, one in the Ypresian 
of England and two in the Claiborne group of the Mi'sis^ippi emlxiv- 
ment. There are five Miocene species in Italy, Bohemia and Sivria ; 
a Pliocene species in Italy ; and four Tertiary specie' from the 
Island of Java. Another form-genus is Cclasfriiiitcs Saporta which 
has four species in the Paleoceiie of Franco, raic in the Denver for- 
mation of ColoradiD. another in the Eiviiig'tt'in formatirin of Misn- 
tana, and a 'Cventh in the Miocene of Florissant, Colorailo, 

Bhe genii' Cihistius Einnc is the largest fiiS'il geiiU' of the 
famil} and its hi'tort shows that while its present center of ilistrilui- 
tion is in the uplands of soinheastern Asia and the Fa't Indies the 
ancestral stock was cosmopolitan and verv ahiindant in tlie d ertiary 
of Ameiica and Etiiope, with a strong jirohabilitv that it originated 
in the former area at the dawm of the Cppcr Cretaceous or some- 
what earlier. The ohlcst kiKjwii 'jiecie', L clastnts arctica lleer. is 
found in the Raritan and Magothc formations of Xew lersev and 
hlaryland and in the Patoot beds of Grecnlaml. Xo Ic'S than thirty 
Species of Cclastrtis have been described from the Eocene. These 
include six Ypresian species from England, five 'pccies in the Wil- 
cox flora, one in the Denver, ten in the I-'ort Cinon, one in the 
Keiiai of Alaska, three from (dreenkutd and four Inmi Australia. 
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There are also about thirty Oligocene species, all European, and in- 
cluding remains in the Baltic amber, in France, Switzerland, Ger- 
manv, Austria-Hungary and Greece, There are at least a dozen 
species in the Chattian of Bohemia. Over fifty iMiocene species have 
been described ranging throughout Europe, in eastern Asia, and in 
A'irginia, Colorado, Idalio and Oregon in this country. About a 
dozen Pliocene species have been described from Spain. France, 
Italy and Sicily. 

The genera Cassinc Linne and Ptcrocclastrus Aleissner both now 
confined to South Africa and Aladagascar, each has a fossil species 
in the Aliocene of Bohemia. The genus Pacliystiiiia Rafinesque, with 
two existing species in North .America, has an E'pper Cretaceous 
species in North Carolina and a Aliocene species in Colorado. 

The genus Maytcniis Feuill. with about 70 existing species of 
the tropics and subtropics of South .America has a well-marked 
species in the Wilcox flora. There are two species in the early 
Tertiary of Chili, one in the late Oligocene and three in the Aliocene 
of southeastern Europe. 

The monotvpic genus Gyiiiuuia Sargent confined to Florida and 
the AA'cst Indies in the existing flora has a doubtfully determined 
fossil species in the Alagothy formation of the .Atlantic Costal Plain. 
The genus Microtropis Wall, with 0 or 10 e.xisting species of the 
mountains of southeastern .Asia from India to China and Japan, has a 
doubtfully determined form in the early Pliocene of Italy. 

.A well preserved flower in the Baltic amber is described by 
Conwcntz as CclastrbuDithiiim Haiichcconici. 

The genus F.hcodciidrojt Jacquin. with about 25 existing species 
confined to .South .Africa, has a considerable geologic history. Four 
Upper Cretaceous species have been described — one from .Australia, 
one from the Dakota sandstone, and two from the Alagothy forma- 
tion of the -Atlantic coast. There are six Eocene species showdng 
that the genus was represented in New Zealand (?), .Australia (.A, 
Alaska, the A'jiresian of England and the Fort P’nion of the Rocky 
Alountain region. There are five Oligocene species in the Tyrol, 
Bohemia and Transylvania ; nine Aliocene species in France. Switzer- 
land, Itah', Prussia, Bohemia and Styria ; and four Pliocene species 
in Italv. 



200 


BERRY— LOWER EOCEXE FLORA OF 


[A;:.. -5, 

The remaining genus known in the fossil state, E!ioiiy>n!‘s L'.niie, 
has about sixtv existing species widely distributed throughout tite 
northern hemisphere but most numerous in the A^Tatic tropx? and in 
China and Japan. Upwards of thirty fossil species are known, being 
based upon both fruits and leaves. There are four well-marked 
Eocene species all of which are confined to Xorth .Vmenca w'n.ere 
they are represented in West Greenland, in the Fort Union and 
Green River beds of the Rocky iMountain region, and in the Wilcox 
of the ^Mississippi embayment. The species of the latter region is a 
very abundant and characteristic form. There are four c.r five 
Oligocene species of Enoiiymus recorded from Bavaria, the Tyrol 
and Bohemia. The twelve IMiocene species occur in France. Prus.-ia, 
Bohemia, Styria, Croatia, and Hungary. There are four Pliocene 
species in Germany, Italy, and Slavonia: and two still existing specie-' 
occur in the Pleistocene of France. 

From this very brief survey of the fossil history nf the Celas- 
tracete it is seen that there is a probability, similar to that sho'wn bv 
so many other families of Dicot_\ledonte, that the ancestral stock 
originated in the western hemisphere. 

The family Sapindacete consists of about ii8 genera and over > ne 
thousand existing species of trees or shrul>s with alternate, pinnate, 
e.xstipulate. persistent, or deciduous leaves and drupaceous or cap- 
sular fruits with crustaceous mostly solitary ^eeds. About one third 
of the genera are lianas. Most of the familv is confined to tropical 
and subtropical region> and about 2^ per cent, of the genera i : 
and 34 per cent, of the species (345) arc conline-il to .-Vnierica. 
There are more genera ( 30 ) confined to the .Tfrican region but mdv 
about one fifth as many species (75). 

The genera Cardiospeniiinu.Schmidclia { AUophxlus ) and .Sd.An. 
dlls arc found in all tropical countries. Ihe genus I’aiilliiiia with 
over 120 e.xiwing species while mostly American is present in .Vinca 
and -Madagascar. The .genus Dodomca with over 40 species in .Vu'- 
tralia has one or two forms found in all tropical c.jiimries and a 
single species in the Hawaiian Islands and .Madagascar. HarpiilUa 
is common to Asia. -Vfrica and Australia. There are two genera 
with aliout fifteen si-ecies confined to .Vustralia, four genera with 66 
species ranging from A'ia to Aintralia. to genera with 22 species 
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confined to the East Indies, two genera with 20 species confined to 
Eolenesia and u genera with 35 species ranging from iMalaysia or 
the East Indies to Australia. It is cjuite obvious from these few 
facts regarding the e.xisting distribution that the family is an ancient 
one and that there has been an extensive evolution of both generic 
and specific types in relatively moilern times in the American tropics 
on the one hand and in the hlalaysian region on the other. 

The fossil record while much less complete than might be wished 
includes at least 13 genera of which six are e.xtinct. and about 160 
species, by far the largest number being referred to the still existing 
genus Sapiiidiis which appears well differentiated and widely distrib- 
uted at the dawn of the E’pper Cretaceous. There are about ten 
E'pper Cretaceous species of which all but four occur in pre-Senonian 
strata. Thus there are two in the Perucer beds of iMoravia and 
Bohemia, one at Xiederschama in Saxony — all Cenomanian. Two 
in the Atane and one in the Patoot beds of West Greenland. Two in 
the Dakota group; two in the Tuscaloosa formation of Alabama, 
one in the iMiddettdorf beds of South Carolina, one in the A'oodbine 
formation of Texas: two each in the Raritan and hlagothy forma- 
tions of the hliddle Atlantic states, one in the iMontana group and 
two in the Laramie. I have given this Upper Cretaceous distribu- 
tion in some detail because of the special interest attached to the 
deployment of the Upper Cretaceous Dicotyletlon.a'. It should be 
noted that seven of these Upper Cretaceous forms are Xort'h Amer- 
ican. There arc over thirty Eocene species of Sapindiis of which 
two thirds arc X'orth ,\mcrican. The genus is verv abundantiv reii- 
resented in both individuals and species in the coastal floras of the 
\Mlcox group from which I have described no le^s than 9 species. 
I here are four species in the overlying Claiborne group. Species 
of Sal'iiidus are ctiually common in the Rockv iMountain province in 
the Denver, Fort Union and Green River beds. There is an Eocene 
species in ( Ireenland and one each in Xew Zealand. Australia, Tasma- 
nia and Chili. There are four tmdescribed species in the Ypresian of 
England and a fifth in beds of the same age in Himgarv. There is 
an Tapper Eocene species in France and a second in C'regon. 

There are six or more Oligocenc species well distributeil in Eu- 
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rope to which continent their discovery has thus far been confined. 
There are over 30 iliocene species found throughout southern Eu- 
rope. in eastern Asia, and in North America (Colorado. Oregon and 
Yellowstone Park). The eight or ten Pliocene species are confined 
to southern Europe. 

In addition to the genus Sapindiis there are several form-genera 
derived from the same root. Thus Sapiiidophylluiii has been ap- 
plied to two species from the Albian of Portugal (A. To it are 
also referred a Cenomanian and a Chattian species from Bohemia 
and a Tertiary species from Japan. The term Sapiiidoides has been 
used by Perkins for SapindusAike fruits preserved in the early Tcr- 
tiarv lignites of Brandon. A’ermont. from which eight species have 
been described. In some respects the most interesting genus i' Sap- 
iiidopsis Fontaine represented by three abundant and well preserved 
species in the Patapsco formation ( .\lbian ) of ^Maryland and \'ir- 
ginia one of which is also present in the Fuson formation of the 
Black Hills, and which I have shown"" to be very probably ancestral 
forms of the genus Mafayba Aublet (Cupaniete) which has upwards 
of two score e.xisting species in the tropical and subtropical regions 
of America. This well-marked type suggests the interesting ([ues- 
tion of how early iit the Mesozoic the ancestors of many modern 
genera may have been present in equatorial America. 

The genus PauUinia Linne which has about 122 existing species 
mostly confined to the American troi)ics but sparingly repre'Ciited in 
Africa and IMadagascar, has an Dligocenc species in Prussia and 
two early IMiocene species in southea.stern France and Bohemia. 

The genus TJiou'uiia Poit. which in the modern Hnra has alujut 
15 species confined to the West Indies and Me.xico, is represented 
by an early Tertiary, probably Eocene species, in Chili. The genus 
Xephelium Finite with over a score of existing species in southeast- 
ern Asia is recorded by L'nger from the Aquitanian of Cireece and 
bv Geyler from the Tertiary of Borneo. 

The genus Kadrcutcria Faxm. is represented by two Chinese spe- 
cies in the existing flora. In the fossil ^latc it is recorded from the 
Tertiar}- of the Island of Sachalin, from Spitzliergcn and from 

-'■Berry, Wd Genl .Siirv , Lower Cretae'eou pp. 467-474, PI Sj-SS, iijn. 
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S iviizerlaiiil and lladen. Eelix has ilescribed a genus, Schmidcli- 
cpsis. lin'ed on fos'il wood from the (Jligocene of the Island of 
Antigua, very close to the existing genus Sclunidtlia Linne which has 
ujiwards of a hundred existing species in all tropical countries. 

The modern Cupaniea: are represented in paleobotanical liter- 
attire not only liy Cupaiiia but by species of Cupanitcs and Cupan- 
oidcs. 1 he latter generic term was propo'ed by llowerbank for 
cupaniaceous fruits and seeds of which he described several charac- 
teri.'tic species from the Ypresian of the Island of Sheppey. Simi- 
lar forms have also been recognized in the Aliocene of Carnicila and in 
tite Tiioceueof Italy. The gtxms Cupania Linne has about 35 exist- 
ing species contined to the American tropics. Several Ypresian spe- 
cies from the south of England have been referretl to it by Ettings- 
hauseii ami it has also been recorded from the Aliocene of the Island 
of Sachalin. The greater number of Cupania-hke forms have, how- 
ever. been referretl to the genus Ciipauitcs Schimper. Xme or ten 
species have been described and with the e.xccption of extremely 
doubtful forms from the Upper Cretaceous of Xew Zealand and the 
Eocene of Australia, the oldest authentic occurrences are the two 
species of the Wilcox flora. There is a third species in the overlying 
Claiborne group of the Alississippi embayment. The oldest Euro- 
pean form is one front the late h>ligocene of Styria. In the Aliocene. 
species are recorded from Germany. Bohemia. Austria, Croatia and 
I lungary. 

1 he genus Dodoiuca Linne often made the type of a distinct 
family, the Dodontcacea-. has about fifty existing .species of which 
lour fifths are -Vustralian. Dodoiuca ■viscosu Linne is cosmopolitan 
in the tropics and there are one or two additional species in the 
American tropics as well as one in the Hawaiian Islands and another 
in Alada.gascar. The genus {mclndmg Dodoiiadtcs ) was evidently 
widespread in former times and upwards of a score of fossil specie,'., 
based on both leaves and fruits, have been described. The oldest 
known forms are two species in the Ypresian of the north of Eng- 
land and the two contemporaneous species in the Wilcox, which are 
represented by both leaves and characteristic fruits. There are five 
(Jligocene species in Erancc. Tyrol. Bohemia and Styria: and ten 



204 


BERRY— LOWER EOCEXE FLORA OF 


Aliocene species in Prussia, Baden, Switzerland, Bohemia and Croa- 
tia. A well-marked species occurs in the Claiborne ( Lutetian t 
ranging along the Claiborne coast from northea'tern (Georgia to 
central Louisiana. 

It is impossible from the known facts to discuss the place of ori- 
gin of the family, but it is obvious that certain genera were evolved 
toward the close of the Lower Cretaceous in equatorial America an l 
have inhabited that or adjacent areas throughout the long stretch of 
time down to the present. 

The order Rhamnales includes about i.ooo existing species of 
shrubs, trees and vines about equally divided between the families 
Rhamnacete and A'itacete. It closely parallels the Sapindales in its 
floral development but is distinguished by the mostly tetracyclic flow- 
ers with opposite stamens and often lacking a corolla. The leaves 
are simple and typically alternate. Of the two families only the 
Rhamnacete is represented in the Wilcox flora. 

The family Rhamnacete i Frangulacete') includes 47 genera and 
about 500 species of shrubs and trees mostly of the tropics but with 
several genera extending for considerable distances into the temper- 
ate zone, the genus Rliainnns in particular being mostly extratropical 
in the northern hemisphere. The genera Zi:y['!iiis, .Idclia ami Goii- 
ania are found in all tropical countries. Almost half of the genera 
are common to more than one continental area. America has the 
greatest number of peculiar genera (15) with about 83 specie^. Two 
monotypic genera are confined to Asia, five genera including the 
large genus Phylica Linne together with about 70 -pecies are con- 
fined to Africa and five genera including the two large genera P/’V- 
ridiiiui Fcnzl. and Cryptandra Smith in all with about 70 yiecie-, are 
confined to Australia. 

Ten or eleven genera, of wdiich five are prc'^ent in the Wilcox 
flora, are fouml fo>sil, the three largest being Rhamnus. Pahitnis 
and ZRyphus. The genus Rliainnus Tdniie which i> cosniupoliian 
in the northern warm temperate and subtropical zone,-, lum about 
seventy exiting species. There are considerably over one hundred 
fossil species, mostly well characterized with simide often entire 
leaves with ascending secondaries ami closely spaced fine i>crcurrent 
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nervilk.'. Tlicre are a dozen or more species described from the 
Upper Cretaceous, the yeiuu appearing in the Cenomanian in both 
Europe ( Xiederschoena. Saxony) and America ( Raritan formationC 
There are six species in the Dakota sandstone, two in the hlagothv 
formation, one m the Atane and two in the Patoot 'oeds of Green- 
land. The genus is represented in the Montana group and the Lara- 
mie formation of th.e A\'estern Interior and m the Sciioniau of A c;t- 
ph.alia. There are about thirty Eocene species, the majority being 
Xorih American. Species of Rhainiius are very common in the 
Raton and Denver formations along the Front Range of the Rocky 
hlountains and from the base to the top of the Wilcox. There are 
four species in the Raton, eight in the Denver anrl six in the Wilcox. 
The genus is also well represented in the later Eocene along the 
Pacific coast and in western Greenland. In Europe only a single 
species is recorded from the Paleocene. The Ypresian which is syn- 
clironous with the Wilcox has three species in tlie south of England. 

d'here are eleven or twelve Oligoecne species in France. Prussia. 
Tyrol, Italy. Dalmatia, Styria, and Greece and a single undescribed 
species in the -\palachicola group of Florida. There are over two 
score -Miocene species. Rhainints lieing esi>ecially abundant in the 
iMiocene of Switzerland, Italy, Bohemia, I’russia and Styria. It is 
also present at this time in Iceland. S[Mtzbergon. iManchuria ami 
Sachalin Island. In this country there are species in British Co- 
lumbia and in Colorado. 

There are about thirteen Pliocene species, no less than nine being 
reconled from Italy and there is one known from the Island of java. 
There is an extinct species in the Plei'-tocene of llungarv ami a re- 
cent specie.^ in the Plei.stocene of the Island of hlaileira. In addi- 
tion to the species referred to Rlujuuins the fijrm-geiius Rliainiiitcs 
Forbes founded on three species from the Eocene of the Isle of Mull 
ha.s two -Vinerican 1 pper Cretaceous species found in tlie Raritan. 
Tuscaloosa, -Magothy and Dakota formations. There is a species in 
the I'Crt Fhiion and another in the Wilcox. The genus Rliainna- 
ciiiinin of Eeli.x i' based on petrified wood. It contains five or six 
species found in the Eocene of the Ganca.'us. 'rextis, .^a.-katcltewaii 
and the hliijceiie of \ellowstone Park. 
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The genus Paliitnts Jussieu with only two existing species rang- 
ing from southern Europe through southern Asia to China and Japan 
was cosmopolitan in former times. L'pwards of 40 fo'^il species 
have been described. At least twelve are known from the L pper 
Cretaceous, all confined to the Xorth American region. There are 
two each in the Raritan, Alagothy and Laramie, five in the Dakota 
and one each in the Eutaw formation of Georgia, in West (dreenland. 
and b'ancouver Island. There are ten Eocene species also confined 
to Xorth America. Two of these are found in the Fort L'nion and 
there are three each in the Denver, in western Greenland and in the 
Wilcox. The leaves are not common in the Wilcox but the charac- 
teristic peltate fruits are not uncommon. The oldest European 
forms are two species in the Oligocene of France and there is a well 
marked species in the CHigocenc (\’icksburg group) of Loui.'iana. 
The thirteen iMiocene species are found in Asia ( Siberia. Sachalini. 
Europe f Switzerland, Baden. Germany, Bohemia. Italy. Styria and 
France), and Xorth America I'CoIoratlo and (!)regon). The pres- 
ence of numerous species of Paliiints in the Upper Cretaceous and 
Eocene of Xorth .-Vmerica and their absence on other continem? be- 
fore the Oligocene renders it very probable that the genus originated 
m the western hemisphere. 

The genus Zizyplius Jussieu with about forty existing species 
largely shrubs, often prostrate or scramljling, and rarely small trees, 
is mostly Indo-iMalayan in its distribution but is represented bv a 
few specie.-' in the trojiics of eastern .-Ksia, -America, .\frica and .\u— 
tralia. There are over fifty known fossil species and as in the genus 
Paliitrus the ten Upjier CretaceuU^ species are confined to .North 
-America. They are found in the Raritan and Alagothv fonnation- 
of Xew Jersey and Alaryland. the Eutaw formation in Georgia, the 
Tuscaloosa fonnatiijn in -Alabama, the Woodbine fornnition inTexa-:, 
the Dakota sandstone of the AVest. the I’atoot lieds of Greenland 
and the Ujiper Cretaceous of .Alaska. There are about tweni\ 
Eocene species including the two common and characteristic species 
of the AA'ilcox and one in the overlying Claiborne of the embayment 
region, five in the Denver, three in the Imrt Union, two in the Green 
River, one in .Alaska and one in West Greenland. There are two 
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Paleocene species in France and Belgium, four Ypresian species in 
the south of England and a Lutetian species in France. There are 
eight Oligocene species very common in deposits of this age through- 
out Europe. Over twenty species have been recorded from the iMio- 
cene of Colorado and California in this country, from France. Swit- 
zerland, Germany, Italy. Austria-Hungary, and Russia in Europe, 
and from Japan and Java in Asia. There are three or four Pliocene 
species in Europe. While the evidence is not so clear as in the case 
of Palinnis there is a possibility that Zizyphus too is of occidental 
origin. 

The genus Rcynosia Gri4ebach with only two existing coastal 
species ranging from the Florida ket s through the West Indies has 
two characteristic species based on leaves in the A’ilcox flora and a 
third species based on the petrified wood in the overlxing Claiborne 
deposits of Texas. 

The genus Bcrclu'iiiia Xeck. has about a dozen existing species, 
ten of which are confined to eastern and southeascrn -\sia. There 
is one in eastern extratropical Xorth America and one in eastern 
Africa. This distribution could not liave been brought about ex- 
cept by the agency of a cosmopolitan Tertiary range. A'hile the 
specific differentiation of Bcrclicmia is limited to five or si.K fossil 
forms these are very common and wide ranging. The earliest occur- 
rences are Xorth American and include the Raton. Denver and Fort 
Union formations of the Rocky IMountaiu province. The genus 
makes its apearance in Euro[>c during the Oligocene and is common 
throughout that region in the IMiocene. becoming restricted to south- 
ern Europe ( France. Italy, Sicily and Slavonia ) during the Pliocene. 

A species of Hoi-cniphyUmn supposed to repre.-ent the existing 
genus Ilovcnia Thunberg with a single existing species in southeast- 
ern Asia, is present in the Plio-Pleistoccne of Japan. The genus 
Coliibriita Brongniart with 15 existing species in tropical America 
and one in southeastern Asia is recorded from the IMiocene of 
Bohemia. 

The genus roiiiadcrris Labill with about 24 existing species con- 
fined to Australia and Xew Zealand has two species in the Eocene 
of the former region and three species { roinadcrritcs Eitingshau- 
sen ) in the IMiocene of Prussia, Bohemia and Stvria. 
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The genus Ccanothus Linne with about forty existing >pecies 
confined to Xorth America has included numerous fossil species sub- 
sequently referred to Pahiiriis or Zizyl’hus. There are four re- 
corded from the Upper Cretaceous of Greenland, Xew Jersey. \ an- 
couver Island and AVestphalia; two Eocene species recorded from 
Greenland and British Columbia; a Miocene species in Prus'ia, 
Switzerland and Italy; and a Pleistocene species in Kentuckv. 

The next order, the Malvales, includes nine families and about 
1, 800 existing species. The Tiliacete, Sterculiacea: and Bombacacete 
are the only ones represented in the Wilcox flora. The largest 
modern family, the Alalvacere with over 800 species, many of which 
are herbaceous and range from 65'’ Xorth latitude (Russia) to 45' 
South latitude ( X’ew Zealand), is not represented in the Wilcox. 
The order displays somewhat uneven or but little understood phvlu- 
genetic characters but is evidently allied to the succeeding order, the 
Parietales, through the family Eltcocarpacete. These inequalities of 
evolution are shown among other ways by the complete syncarpv in 
the Tiliacete associated with an indefinite number of stamens and bv 
the complex arrangement of the stamens in the Sterculiacete. associ- 
ated with more or less incomplete union of the carpels. Both the 
leaves, flowers and fruits exhibit a wide range of variation through- 
out the order. 

The family Tiliacea?, represented in the Wilcox flora bv a single, 
not very common form of Grcwiof<sis, lias about 35 genera and ^70 
existing species mostly of tropical lands and showing two centers oi 
differentiation and distribution — one surrounding the Intlian ( )ceau 
and the other in northern South America. The geological history is 
confined to the four genera Tilia (or Tilucphylliim 1, Grezzia. Grezei- 
opsis and ApeibopsisP' The genus Tilia Linne with 18 or 20 w idely 
distriliuted exi-tmg specie- in the north temperate zone ('ab-ciit in 
western Xorth America and central A-ia) has furni-hed about 23 
fossil species based upon both leaves and fruits, the olde-t known 
being from tlie Xorth -\meiican Eocene, ihere are no c*>nclusive 
( )ligocene lecords excejit two French species, but about fifteen .Mio- 

The genus Lulicu has been (L-eribed fomi the Enetne nf StV.mne 
(Langeronj and from the Oh.gocene r,f MAiat (Laurent), both Fruich 
I 'calities 



1914 ] 


SOUTHEASTERX XORTH AMERICA. 


209 


cene species are found in Xorth America. Europe. Asia and the 
Arctic regions. There are five Pliocene species recorded from Eu- 
rope and Japan and six Pleistocene species in Ontario. Xew Jersey, 
France. Germany. Holland and Denmark. The genus has appar- 
ently had its existing range since Miocene time. 

The genus Grczv'ia Linne has about 90 existing species ranging 
front Arabia to China and Japan and through Malaysia to Aus- 
tralia. and from Abyssinia to South Africa. About fifteen fossil 
forms have been described, the oldest known, five Eocene species, 
coming from western Xorth America. There are two Oligocene spe- 
cies in Europe and about six Miocene species in Oregon. Spitzbergen 
and throughout Europe. The larger number of GrciciaAike. fossil 
forms are. however, referred to the genus Grci^iopsis of Saporta. 
Six of these are from the E'pper Cretaceous and all arc confined to 
X’orth America, a very significant fact since several of tliein are espe- 
cially well marked. They are found in the Magothy formation of the 
east coast, the Tuscaloosa formation of the south coast, and the Da- 
kota iMontana and l.aramie formations of the western interior. There 
are about six Eocene species in the Denver. Lance and Fort Union: 
one in the M'ilcox and one in the Claiborne of the ^Mississippi em- 
bayment region, six in the Paleocene of France and one in the 
Ypresian of England. There is also a iMiocene ( ?) species recorded 
from Yellowstone Park. While it is quite possible that some of the 
fossil records ascribed ti'i the genus Populus are those of Grczi'ia 
or its ancestral stock, it seems clear that the latter genus or its im- 
mediate ancestors were common in the Upper Cretaceous and Eocene 
of X’orth America. 

The fourth fossil genus of Tiliacete is .Ipciobopsis Heer"- named 
from its affinity with the existing genus .Ipciba Aublet which has five 
or six species confined to tropical South America. .-I pc'ibopsis in- 
cludes not only leaves but very characteristic fruits. To it are re- 
ferred somewhat doubtfully determined leaves from the Upper Cre- 
taceous Dakota sandstone and Atanc beds. There are about four- 
teen Tertiary species including a basal Eocene form from Y yoming, 
two A'presian forms from England, a species from Y'est Greenland 

To it shoulrl prnbalily be referred the Arctic forms descrilied liy Heer 
as Xordciiskioldia. 

CROC. .\MCR. Pint.. SOC. Llir, 214, X, PRINTED JULY 13, IOI4 
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three species in the lignites of Brandon. \'crmont. two ( )hgocene 
species from Italy and five Xliocene species from France. Switzer- 
land and Bohemia. 

The family Bombacacere"-' with 20 genera and abeiut 120 exist- 
ing species is confined to the tropics and iprincipallv to the Amer- 
ican tropics. The only known fossil forms are those of th.e genus 
Bonihax or the allied Bonihacil'Jiylluin and Boiiibacitcs. Bojnl\i.v 
Liniic has about fifty existing species, all large tropical trees, and 
almost confined to America. There is a single species in Africa, 
about six in southern Asia and one in Austalia. The fossil species 
number over twenty, the oldest known'*" beii'.g a cciirnu'in form in 
the Perucer beds (Cenomanian) of Bohemia and iVIoravia. There 
are three species in the Ypresian of southern England and two well- 
marked forms in the Wilcox flora. There are five additirnial Eocene 
forms of which three are front Chili and two from eastern Australia. 
There are five Oligocene species recorded from France. Saxon v, 
Bohemia and Carniula. The genus is represented in the earlv fili- 
gocene ( Sannoisian ) of southeastern France not onlv bv the foliage 
but by beautifully preserved flowers .-o tltat there is little ground frr 
que.stioning the correctness of the identifications. There are five 
IMiocene species in Bohemia. Croatia and .^tvria. 

The family Sterculiacete iiiclinEw about 5 genera and 8o(o exist- 
ing species of mostl_\- tropical shrubs and trees with prevailingU 
large, simple or digitately lobed or divided leaves : the flow ers are 
sometime.s apctalous and (lifter from those of the Walvacete in their 
2-cellcd extrorse anthers. Syncarpy is more or less complete. 

The Sterculiaccte of the existing flitra arc found on all the conti- 
nents except Fmrope. The genera Strrciilia. llclictcrcs. Mcloclna. 
Biicttiicna and 1 1 crmamiia have species in both the eastern and 
western hemispheres. The geologic history of the familv extends 
back to the base of the L ])per Cretaceous but is confined to a rela- 
tively few number of genera. The most abundant of these is the 
genus Stercitlia Limn:-, which in the c.xisting flora has about one 

Ettin,cshausL-n. "Leber die X'erxatum der Bnniliaceeen,’' f'wo'/o h 
Akad. II us. II icu Math. Aat. Cl , Tlnml 14, i8sK, [ip, pi. I -XI 

‘"An Albian species of descnl.ed Iiy t'ontaine is emiftlv 

vahieless 
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hundred species of large leafed trees. They are divided into three 
tribes named from the habit of the leaves the Digitate. Lobatre and 
Integrifolia;. The first of these range from farther India to Aus- 
tralia with only one or ttvo American species. The second is most 
abundant in the American tropics but is also found in Asia and 
Africa and shows manv parallelisms between the American and 
Asiatic forms. It is most abundantly represented in the past history 
of the genus. The third and largest modern tribe, the Integrifolite, 
has five or six American species and the balance are found in Asia 
and Africa. 

The fossil forms (sometimes referred to Sterciiliphylluiii') 
number more than fifty species. Upwards of a score are known 
from the Upper Cretaceous. These are mostly American and are 
referable to the tribe Lobatae wliich may well have originated in the 
western hemisphere. There is a species each in the Credneria 
sandstone of Sa.xony and the Perucer beds of Bohemia ( l.ioth Ceno- 
manian) and a third in the Turonian of the latter country. The 
balance are Xorth American and include species in the Raritan for- 
mation. the Chcxenne sandstone of southern Kansas, and in British 
Columbia, a species in the Patoot beds of M'est Crecnland and six 
species in the iMagothy formation of the Atlantic Coastal Plain and 
eight species in the Dakota sandstone of the western interior. 
Tliere are less than a dozen Eocene species, the majoritv being con- 
fined to the lower Eocene. Thus there are three species in the 
Ptileocene of France and another in the Ypresian of Engkuid as 
well as one or two in the Denver and Raton formations (-if the Rockv 
IMountain front range. The >ingle large Wilcox species is entirely 
t\])ical ami sinus the usual variability in lobation and jize. It 
appears to lie filiated with Sfcrciilia S/ioicii Lesquereux from the 
American Upper Cretaceous, and may be exactly matched bv several 
existing species. There is a small leafed species in the middle 
I'j icene ( (. kdborne group') of the embayment wdiich exactlv matches 
the typical Stcrciilia luhnisca I nger from the European Tertiarv and 
the existing Stci'culia diz'crsi folia Don. It is closelv parallelled bv 
two American Pepper Cretaceous species — N. minima Berry and A. 
miicroiiata Lesquereux. There are ujtward of ten Oligoccne species 
widely scattered over Europe ami about 15 IMiocenc species, mostly 
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European, with a single species on the east coast of Asia ( Saclialin i 
and two species in Colorado, one of them especially well marked. 
There are several Pliocene species in southern Europe. 

Two somewhat different species of sterculiaceous capsular fruits 
from the Wilcox are referred to a new genus, SfLi'ciiIiocarpiis. The 
larger of these. T. eocciiiius, seems referable to the subfamily Buett- 
neriete, while the smaller, A. sccaniiclloiJcs. is referable to the Lasio- 
petalete or Helicterese. Both are very similar to the fruits from the 
Paleocene of Sezanne referred to the genus Sc::a)'iiie!la. The latter 
genus with two species was described by \'iguier from casts of 
wonderfully preserved flowers as well as fruits from the celebrated 
Travertins of Sezanne and referred with great certainty to the 
Lasiopetalete. 

The tribe Dombeyete with seven genera and about 75 existing 
species is almost entirely confined to Africa and the adjoining 
islands, five or six species of the genus Mcllia)iia Forsk. only, rang- 
ing from Arabia to farther India. This tribe is represented in fossil 
floras by the genus Do)nbeyopsis I'nger named from its supposed 
affinity with the modern genus Donibcya Cav. which has 40 African, 
mostly iSIadagascar, species. About 30 species have been referred to 
Dombcyopsis. They arc liable to be confused with Lulica. Grez^Pa 
and other forms of the allied family Tiliacere. There are three 
species in the Laramie Cretaceous, two in the Denver formation, 
twelve (according to Alassalongo') in the Lpper Eocene of hlomc 
Bolca in Italy, five in the European Oligocene and six in the (MiiiCcne 
of Iceland, France. Switzerland, Prussia, Silesia and Stvria. A 
Pliocene species U recorded from central France. Fossil wood 
described as D ojubcyoxyloii is recorded bv fschenk from the late 
Tertiary near Cairo, Egvpt. 

The Buettneriete are represented by a doubtful species de-^cribed 
from the (Miocene of Colorado, and probable bv some of the fossil 
forms referred to other genera, e. g.. some of the palniately veined 
Ficiis-\\\<c forms such as Ficus occidcutalis and Ficus SchitJipcri both 
of which are present in the Wilcox flora. Flowers of fFicttueria 
were reported from Sezanne by Solms-Laubach but this ])rob;d)ly 
refers to the subsequently described genus ScxaiiiicUa. mentioned in 
a preceding paragraph. 
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The Helictereai are represented by a doubtful species of IIclic- 
tcres Linne described from the Pliocene of Italy and by forms 
referred to the existing genus Ptc!'Ospcr)i:iii)i Schreb. or to the 
extinct genus Ptcrospcruiiics Heer. Over 30 species have been de- 
scribed. There are nine or ten in the Upper Cretaceous all of which 
are Xorth American, and their combined range extends from Xew 
York to western Alabama, throughout the Rocky klountain and 
Great Plains province and in the Atane be<is of Greenland. There 
are about a dozen Eocene species all Xorth American except a s ngle 
species in the Paleocene of France. The American lorms extend 
northward to West Greenland and Alaska. There are two or three 
species in the European Oligocene and ten Miocene species through.- 
out Europe and in western Xorth America (^Yellowstone Park, Cali- 
fornia. mouth of the IMackenzie River). A single Pl’ocene species 
is recorded from France. It seems probable that this type originated 
in the western hemisphere since it is so abundantly repre-ented in 
that region during the Upper Cretaceous and Eocene. The modern 
species of Ptcrospcriiium are, however, confined to eastern tropical 
Asia. 

The order Parietales includes thirty families together with over 
four thousand existing species, tlie largest families being the < lut- 
tiferte (7751, Flacourtiaceie (fifioi. ISegoniacete (g-yU. A'iulaceie 
(400') and Dipterocarpaceai (.330). Xone of these familie.' are 
present in the M'ilcox flora, where the order is represented by tlie 
two families, the Dilleniace.'e and Teniitroemacea’. The Parietales 
are prevailingly syncarpous and ^how affinities with the Ranalian 
p!exu> through the Dilleniacere which w ere formerlv referred to that 
order. The alliance as a whole is a complex one including several 
divergent lines of development with, on the whole, a gradual increase 
in floral complexity. 

The family nilleniace.x contains T4 genera and about 275 exist- 
ing specie- fetund <rn all the continents, the genus I'ctraccra lieing 
cosmopolitan in the tropics. The genera BmpLiiocIca, Curatclla, 
Duliocarpiis and Daz’illa together with 50 -pccies are confined to 
the .Vmerican tropics: Hibbcrtia and Pachyiu'iita together with 75 
species are Australian, there are five genera with about 25 species 
confined to the Asiatic tropics; the genus Sa'irauia t^or Saiiraiija ) , 
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with abijiu f 3 o species, is common to Asia and Soutii America : and 
the genus Dillcnia with about 25 species ranges from A;ia to Aus- 
tralia ; so that on the whole the family is prevailingly oriental in the 
existing flora. 

The fossil record is unfortunately most incomi>lete. illustrating 
however a wider range of the genera in the past in response to milder 
climatic conditions in both the north and the south tenrperate zones 
during the Tertiary, and also the fact that several of the modern 
American genera have been American throughout their known geo- 
logic history. Thus Empcdodca with two existing South American 
species, sometimes made a subgenus of TctraccraAvdi a fossil form 
in the eary Tertiary of Chili. The genus DoHocarl'iis with about 20 
recent species also in the South American tropics has two fossil 
forms in the early Tertiary of Chili. The genus Dazilhi with 25 
modern species in tropical America is doubtfully represented in the 
Wilcox flora by Calycitcs daz'ilhifor>nis Cerry. 

The genus SaiD'aitja with Co modern species in South America 
and Asia has a species in the Palcocene of France, another in the 
Ypresian of the south of England and a third in the Miocene of 
Croatia. 

The genus Dillcnia with 25 existing specie^ confined to Ajia ami 
Australia is represented by a form in the T’aleocene of r.elgium and 
by some of the Wilcox species referred to the form-genus Dillcnitcs. 
The genus Tctraccra with 40 recent specie' founrl in all tropical 
lands, has two fossil species in the early Tertiary of Chili, another in 
the riioceiie of Java and is represented in the Wilcox flora bv s.jnie 
of the species of Dillcnitcs. I have recognized five well-marked 
species of Ddlctiitcs in the W ilcox and tliC'C appear to reprc'cnt 
modern forms of both Dillcnia and I'ctraccra. 

Cfjiiwenz described three sjnecics of Ilihhcrtla. a large \u'tralian 
genii', ill the Baltic amber ( Sannui^ian ) but Schenk coii'idered that 
the_\' did not belong to cither this genus or even the famil\'. 

The family 1 enistroemacete ( I hcacere ) contains about M i genera 
and 175 exi'ting species mostly tropical but extending into the north 
temperate zone in North America and eastern Asia ( Tlica. Gordonia 
and Stczcartia 1. The following seven out of the sixteen genera are 
confined to a 'ingle ai e.i , DcmiLtia i^Iartius with ti\e specie' inhabits 
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the South American strand. ^-Istcropcia Dub. is confined to iMada- 
gascar. Then Linne with sixteen species is confined to southern and 
eastern Asia, Monutnorrisia Sz_\sz. with two species is a native of 
th.e East Indies, the three inonotvpic genera J isiica Linne. Trcman- 
tlicra ^Killer and Pdliiicra Tr. and rianch. are confined respectively 
to the Uanarv Elands. Xew Guinea and Central America. The 
remaining nine genera, all relatively small, are all found m more than 
one region. Thu4 -irr/ivUcJ Alartius has two species in northern 
South. .America and a third in the East Indies; Gordouiu Ell. has 
two Xorth .American species and fourteen scattered from India to 
Alala'sia; Hiouocharis Salisb. has nine .American and five .A'ian 
4 [iecies ; Stez^artia Linne with five species is fomni in Xorth .America 
and Japan : Taoiiabo .Aublet has 20 species in South .America and 
eight ill .Asia: .-iJinaiidra Jack, has lO .African species and one in 
.Vsia : Eiirya Thunb. with 36 species and many varieties is confined 
to tropical .Vmerica and the East Indies. 

This remarkable existing distribution and the pairing of .Imerica 
and -\sia as well a^ the fact that it requires five subfamilies for the 
reception of only sixteen genera are sure indications that tlie family 
has ati e.xteinled geologic history and that many of the genera were 
once cosmopolitan. Unfortunately most of this hi4tory is unknown. 

The genus Stewartia is represented in the Ilaltic amber by a fine 
flower (Stez^'artia kozciiloz^’skii C'aspary ) and by leaf remains from 
the I’lio-Pleistocene of Jajian (Mogii. Gordonia has a species in 
the Pleistocene of Java. The genus Etiryu Thunberg, now .\merican 
and East Indian, has a .'-pecies in the 1 fiigocene of Prance ( E;v..';t’ra 
Swartz'), Fossil wood described by Feli.x and named Tcr^isira'iuia- 
cinimn occurs in the Eocene of the Cauca'us. J'isiu'a Linne, now 
confined to the Uanaries, has a typical fruit in the .\(|uitanian of 
Rhenish Prus-ia. The genus Ti'n’slra'iiiia .Xuttall ( ametlated by 
Taonaho .\ublet I has several fossil s]iecic'-, the oldest ( Tcnistra'- 
niiphxUiini) coming from the Perucer beds (Cenomanian') of Bo- 
hemia. It has two species in the Ypresian of the Isle of Adght. one 
in the Aliocene of Bohemia and another in the Miocene of Croatia. 
I have described four well-marked 'pecies of Tcriistra’iiiitcs from 
tile W ilcox grou]) ami similar forms are present in the overlying 
(^'laiborne group (Lutetian). Finally the ver\ abundant .'-pecies in 
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the North American Cretaceous described as Cclcisti'o pin: linn anu 
already' referred to in the discussion of the CelastraceiC arc very 
probable, in part at least, referable to this family, so that enough is 
known of the geologic history of the group to cc'iinrm at lea-t tne 
statement made in a preceding paragraph tnat it must have a.ao a 
long and extended history. 

The familv Lauracere with in the neighborhood of i.ooo existing 
species distributed among forty to fifty genera is often placedi next 
to the family Anonacete among the Ranales (c, g.. in Engler anu 
Prantl's '' Xaturlichen Pflanzenfamilien " L It may be noted, how- 
ever, that the spiral arrangement of floral organs characteristic of 
the order Ranales is replaced by a cyclic ararngement and hypo.gny 
is also replaced by epigyny, so that I follow various students in 
referring the Lauracete to the orrler Thymeleales. the other large 
family of which, the Thymelaiaceje inot known in Wilcox flora), 
has about 400 existing species, chiefly of temperate Australia and the 
Cape region of Africa. 

The geographical distribution of the Lauracctc cannot be Jispo.-e..i 
of in a similar simple statement since there are not only many 
anomalies in the distribution of the existing species but we know 'O 
considerable a part of the geologic history that our difficulties seem 
increased thereby rather than diminished. For e.xample the existing 
species of the family are divided into eight tribes, no one of which 
e.xcept the monotypic Eusiderox} Ictc of Romeo is restricted to a 
single continental region. 

The largest of these tribes i,s the Cinnamomea? with upwards of 
500 species endemic on all the continents hut Europe, and cltiefly 
Asiatic and American. The four genera Persca. Plurbc, Xotaphivbc 
and M espilodaphne are found in both hemispheres; Cinnamoniiim 
and Machihts are oriental: while Orcodaphne. Strychuodaphne, 
Kectandra, Plcurotlirium, Urnhcliularia. PicvpcIIiuui and Sxuandin- 
daphiic are occidental ; the first three being large genera and the 
last four bein,g monotypic. 

The tribe Litsere, with six genera and about 200 species, is 
represented on all the continent.s except Europe and Africa. Oiilv 
9 of these two hundred species are found in the Occident and vet 
among these is the monotypic North -\mcrican genus Sassafras, and 
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the genr.s Sassafruliiiin confined to the -\merican tropics. All of the 
other genera are found on more than one continent. 

The tribes Apolloniere, Cryptocaryete and Cassythete are found 
on all the continents but Europe. The Laurete are Eurasiatic and 
the Acrodiclidiete are confined to Central and South America, except 
the genus Endiandra which with i6 species occurs in the East Indies 
and Australia. 

The problem of correctly identifying leaves of the various genera 
of this family is beset with almost unsurmountalde difficulties, not the 
least of which is due to the wide difi’crences in usage among students 
of the recent forms where the whole plant is available for study. 
Long-continued paleobotanical practice has been to refer most fossil 
leaves that lacked the more apparent characters of Cijinaiiioimiiit or 
Sassafras, Pcrsca or Malapa'inia, etc., to the comprehensive genus 
Laurus given at a time when Laiinis was used in a comprehensive 
sense, and sometimes still more generalized by paleob. itanists as 
LaiiropliylliDH for lauraceous leaves of uncertain generic aftinity and 
not necessarily close to the existing species of Launis. in fact they 
are in general not true species of Launis. I have departed from this 
practise of describing new species of Launis for a variety of reasons 
foremost among which is the very great affinities Itetween the Wilcox 
. llora and the existing flora of the American tropics, the evidence 
from the foliage of a large number of genera being coroborated by 
fruits or seeds or wood anatomy. I have used this similarity with 
a great deal, perhaps too much, confidence and the result has been 
that the following stand out as the more important lauraceous tvpes 
in the Wilco.x flora ; 

Nearly all are seemingly members of the subfamily T’ersoidete 
and under this subfamily of the tribe Cinnanioniete as segregated in 
Engler and rrantl's " Xaturlichcn Pflanzcnfamilien." 

First the genus Ciiiuaiiioiniiiii, usually readily recognized and 
certainly represented in our Eocene floras. 

Seciind the genus Pcrsca, re])resented by the larger and wider 
forms with the typical venation of this genus. 

Third the genus Xcctaiidra. so abundant and characteristic of 
the existing flora of tropical and subtropical America, represented by 
several species very close to modern forms. 
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Fourtli, I have failed to follow the latest usage in recognizing the 
genus OiOtca as such, since for obvious reasons it seems better to 
recognize the genera M cspilodapluic and OrcoJapImc oi Xees rtitlier 
than to regard them as subgenera of Ocotca. The third subgenus of 
C>Lotca. — Strxchiiodaphnc.l have failed to recognize in the F'iCcne 
flora of this area. 

The onlv apparent oddity in distribution show n by the \\ ilcox 
Lauracete in comparison with recent floras of tropical America is the 
abundance of Ciiuiaiiwmum, and this simply adds conhrmaticjn to the 
well-knowm fact of the cosmopolitanism of this genus in the early 
Tertiarv. (brisebach records only 28 species of Lauraceae in his 
flora of the British West Indies. Most of these are not coastal forms 
although many have a wide range from lowlands to nicjuntains. As 
regards the Lauracete those of the Wflcox. which number 30 dift'eren: 
forms, are more clo'ely comparable with the more abundant modern 
representation of this family in northern Sriuth America, This re- 
ceives more or less confirniaticin from a stiuly of the balance of the 
Wilcox flora. It would seem from a C(.)nsideration rjf all of the 
facts that the early Eocene floras of the Mississippi embayment arc 
much more like those e.xisting at the present time along the Caribbean 
sea in Central America and n<;rthern .^<:)uth .\merica than they are 
like those of the West Indies. 1 <lo not mean l)y thi-; that the Wil- 
cox flora has not many points of resemblance to the lowdanil flora of 
the West Indies and that of the Florida keys. They contain very 
manv common types, but with the following difference. The IMissis- 
sippi embayment Eocene floras represent a maximum northward ex- 
tension of a flora like that which m.w inhabits northern South Amer- 
ica. At the end of the ( fligocene with the southward migration 
(jf the temperate IMiocene fauna as far as I'b.irida, this flora retired 
to the South American mainland and the present flora of the West 
Indies, Florida key.s. Bahamas and Bermuda rcpre''ent a later north- 
ward migrati'jn from that area, a migration in which some of the 
Wilcox types were left Irehind. 

The existing species of Ciniiainomiiiid^ number about fifty. They 
are confined to the Ftriental tro])ics except for their extension into 
the warmer more humid part of the temperate zone in Japan, and 


” Staub. ■■ I)ie (.Rschiclue (k,- genus Linnamonium,'’ Budapest. 1015. 
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thc^■ have their chief center of dilTereniiation in the elevated region 
of llurma, Siam, Coclhn-China and iNIalaysia. although they are cul- 
tivated in all tropical countries and outside the tropics in Europe, 
Africa and North America, Their fruits are eaten hy birds which 
seed them freelv so that they commonly escape front cultivation. 
Thus Ciiiinimomuiii Cainphora i Linne ) Xees and Eberm, is natu- 
ralized throughout peninsular Florida, and the commercial Ciniia- 
jiioaiuiii "c\!aiiiiiiiii Eretn., is readily naturalized in the same manner 
from the Oriental camphor plantations. 

A’hile tlie data for constructing the geologic history of Ciiuia- 
iiioiiiuin are far from complete there are more known fossil than 
recent species and these show, as in the case with so many plant 
groups, surprising e.xtensions itf range during the Upper Cretaceous 
and Tertiary, The original home of the genus is unknown for it 
appears in the early part of the Upper Cretaceous at about the same 
time in Xcw Zealand, Australia, central Europe. Greenland, North 
ami South America. The European and North American records 
appear to be slightly older than the balance and wouM indicate that 
the .\siatic region may have been the original home of the genus 
which spread nortliea.''tward across the Behring region to America 
and northwestward into the European region, the latter largely an 
archipelago at that time. 

'J'he I'.ocene records include all of the continents c.xcept Antarctica 
anil South America. 'J'he (dligocene records are chietly I'.uropcan 
and African, although the genus is still represented in the I'lorida 
( Iligocene. During the Miocene Ciiinuinoinnin was abundant in 
F'.nrope and present in A'-ia but apjiears to have become e.xtinct in 
Ni^rth .\mcrica, at least there are no cimclusive North .'vmerican 
reci-irds. A number of fruits from the llrandon ( X'ermont) lignites 
have been referred to Chinauioniitm but these lignites are in my opin- 
ion pre-Miocene in age. The I’liocene records are entirely Euro- 
pean and East Indian, 'fhe genus appears to have lingered as a com- 
mon tvpe in .Mediterranean Europe until the changing climates that 
ushered in the Pleistocene glaciation caused its extinction, any con- 
nected distribution with its ])resent ( Iriental home across south western 
.\sia having already been interrupted by the orogenic mLivements and 
the develoiunent of arid conditions in southwest Asia. 
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There are six well-marked types of Ciniiaiuoiniim leaves desorikt 1 
from the Wilcox group, some of them being abunilant ami gL-nerally 
distributed, and all but two appear to be new to science. In adilitirm 
buds and flowers that suggest this genus are described under the 
form-genus Lav. ro phyll ii m . 

There are two species of Pcrsca in the Wilcox flora. Disregard- 
ing the fossil forms referred to Laiirus in a compreltensive jcn-e 
there are about fifty known fossil species of Pcrsca which is alosiit 
the number of the existing species. All six of the L'pper Cretacec-us 
forms are American where they are widely distributed. By E> 'Cene 
times they had reached Europe and South America and they are 
cosmopolitan in the northern hemisphere throughout the Tertiary, 
being especially abundant in the Pliocene of the hlediterranean 
region. It would seem as if their Cretaceous origin was occidental, 
that they spread over the northern hemisphere during the Tertiary 
and became restricted to southeastern Asia, the Canary Dkind.s and 
America during the Pleistocene. 

The genus Ocofca of Aublet with over 200 existing species i', it 
seems to me, composite, and I regard Xee's three genera Mcspihi- 
dapJinc, Oreodapline and Strycluiodaplinc as distinct. The modicrn 
species of Mcspilodaphiie are confined to South Africa and trcijiical 
America. The fossil record is almost entirely merged in the fi..rm' 
referred to Laiirus. I have recognized four well-marked specie- in 
the Wilcox flora. They are abundant types and some range from 
the base to the t(.)p of the depo-its. and along the Wdlcnx coa^t from 
^Mississippi around tlie head of the enibayment and westward to 
western Texas. 

The genus Oreodaphne has been recognizeil in the American 
Upper Cretaceous and throughout the European Tertiary. At tlic 
present time it- numerous species are confined to the -\merican trop- 
ics. In the Wilcox it has seven well-marked siiccies, which arc 
abundant individually, some ranging from IMississippi to Texas and 
from the base to the top of the Wilcox. The genus is proliabh' 
of American origin and it has been a member of the flora of the 
American tropics from the Upper Cretaceous to the present. 

The genus A cctandra with about seventy existing specie- con- 
fined to tropical and subtropical -Vmerica probably has its geologic 
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hi.^tory entangled with the fossil forms referred to Laurus. It 
occurs in the American Upper Cretaceous and the European and 
South American Tertiary. There are at least five characteristic Wil- 
cox species some of which were abundant along the Wilcox coasts 
and some range from the base to the top of the deposits. Like 
Oreodaj'Jinc this genus appears to have been of American origin, be- 
coming cosmopolitan in the Tertiary and restricted to its original 
home during the Pleistocene, where it is still a vigorous and much 
diiterentiated type. 

Tlie tribes Eusideroxylere, Litseete. Apolloniete. Acrodiclidiete. 
Laurete and Cassythete do not appear to be represented in the Wilcox 
flora although the Litseece are represented in the Upper Cretaceous 
of the IMississippi embay nient area and the Laurete are common in 
the American Upper Cretaceous. 

The tribe Cryptocaryete. now largely .Ainerican, is represented in 
the \\ ilcox by a single well-marked species of Cryptocarya. The 
e.xisting species of Cryptocarya number about 40 of which ,^4 are 
South -\mcrican and the balance Chdental. (iJnly two or three fossil 
species arc known. These come from the Tertiary of Australia and 
the Pleistocene of Java. 

I'lie form genus Laiinis wliich serves to render insecure the 
discussion of the geologic history of the preceding genera includes a 
very large number of fossil forms of which no less than 25 are 
Cretaceous, the oldest being from tlie .\ll.>ian of !■' ranee and T'ortugab 
Species of Laurus are abundant throughout North America in the 
Cenomanian, ranging northward to Greenland and also occurring in 
Europe and .Australia. They liave over a score of species in the 
Eocene and with a similar wide range. The 30 or more Oligocene 
species are confined to Europe. Over 30 Aliocene species are con- 
fined to Europe and America and the score of Pliocene species are 
Alediti. rrancan ami largely Italian. 

I will mention only one other genus since it definitely shows a 
])ast history that is probably t} ]iical of a large number of genera of 
Lauracete. The genus SassafrasL- monotypic and confined to North 
America in the existing flora, belongs to a large tribe — the Litseea;, 
which todav is chiefly Oriental, ranging from Asia through Afalaysia 

o Sec rieiTv. Bot Giic, Vol. 34, u.KiJ. pp 406-450, tl. 1-4. PI iS 
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to -\ustralia. Sassafras has well-marked foliar cliaracters of both 
form and venation that render it readily recognizable in the fossil 
state. Upwards of two score fossil forms have been described. The 
oldest of these are three well marked species in the Patapsco forma- 
tion I Albian ) of the iMiddle Atlantic slope in Maryland and \ ir- 
ginia. A species is recorded from this horizon in Portugal hut the 
identification is very doubtful as is tliat of a Cenomanian species 
described from Bohemia, which latter probably represents the genus 
StcrcuUa. In America on the other hand the genus is wii.lespread 
and well differentiated at the base of the Upper Cretaceous, rang- 
ing from Greenland along the coast and in the interior to .'^iiuth 
America and with about a dozen known species. By Eocene times 
Sassafras had reached Europe^' probably by way of the Arctic 
regions, where it has been found throughout the C)ligocene and Mio- 
cene. In the Pliocene the Pluropean forms had retreated southward 
but remained common in Italy. France and Spain. The glaciation of 
the Pleistocene caused their extinction on that continent, the single 
existing species surviving today in the original home of the genus. 

The order IMyrtales as developed in the Wilco.x flora contains ii 
species of IMyrtacete. 9 species of Conibrctacete. i species of Trai)a- 
cete and i species of iMelastoniacere, as against over 7,000 species 
in the existing flora. 

The family IMyrtacete has (jver 3.100 existing specie- separated 
by taxonomists into 2 subfamilies. The first of these the iMvrtoideJC 
with 32 genera and about 2.400 species comprises mostly tropical 
forms of which over 75 per cent, are confineil to the we-tcrn hemi- 
sjihere. There are over 200 in Asia, one of which extends into 
southern Europe, about 75 in Africa, about 200 in .-\ustralia, and 
about 60 in Oceanica. Xincteen of the genera arc confinetl to ,\mer- 
ica and these include the only monoh pic genera in the -ubfamiK, three 
in number, as well as large and greatly diffcrcntiateil genera like 
Myrcia with upwards of 450 .species, d'he two other large genera, 
Myrtiis with 178 species and EiK/cnia with about r,300 species, are 
the only two genera found (jn all the continent- and in these two 
.genera America furnishes 135 sjiccie- of Myrtus and S50 species of 
Eugenia, or over Oo per cent, d'he second sulrfamilv, the l-cpto-per- 
very (IniiPtftil form is recorded from .\ii-tralui. 
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moide;e. comprisey the Leptospermce with 2S genera and about joo 
species and the Chamteleuciete with 12 genera and about 165 species. 
Both of these tribes are even more strikingly Australian than the 
iMyrtoidea? are American. The Chaninaeleucie:e are entirelv Au'- 
tralian and ntainly confined to western Australia. The Lept 05 ])ermre 
have a single monotypic genus in Chili and the distnljution of the 
other members of this tribe suggest the probability that it should 
be placed in some other alliance, since with the exception of Mctro- 
sidcros, which is represented in Africa, and the genus Bacckca which 
reaches the Asiatic mainland, all of the genera are confined to Aus- 
tralia or the surrounding islands southeast of Asia. 

In a recent paper Andrews^'* has presented some interesting sta- 
tistics of distribution and an ingenious thei:ir\' of the history of the 
family. He considers that the original stock was arborescent or 
shrubby with entire, simple, opposite, penniveined leaves with dots 
and intra-marginal aerodrome veins : with the calyx lobes and petals 
imbricate, probably in fives ; flowers regular. S('ilitarv or in cymes : 
stamens indefinite, numerous, free, with versatile. 2-celled anthers : 
ovary inferior with two or more cells: style simjile : fruit inferior, 
crowned with persistent limb of caly.x. indehiscent, succulent or tleshy 
(rarely dry'); albumen none; cotyledons thick and fleshy, with a 
short radicle. 

I' rom the character of Cretaceous climates this or some other 
tliei.iretical prototype lloiirished in a inesophylic environment. 
Among modern grou])s the nearest approach to this theoretical stcick 
is furnished by the i\I_\ rtoidea; which arc tleshy fruited, most numer- 
ous in species, and widely spread in the enuatorial region^, with over 
75 per cent., however, confined to .America. The existing Alyrtacece 
with ca])sular fruits representing the extreme of specialization in the 
family are .\uslralian while the Chain;elaucie;e standing in an inter- 
mediate position between the two preceding grewips are almost wholly 
confined to western .Xustralia. 

These are the facts of modern <li.strihution. Their interpretation 
may be various. .Andrews ( o]). cit.') from a studv of the present dis- 
tribution, geologic climates and the geological historv of the .Vustra- 

Andrews, E, C',. "The l')e\ eloiimi.nt nf the Xatur.il Urder Myrtaccte," 
Proc. Linn. Soc. .V. .s' ll'ah's. Vol 33 . Rt 3. 1013. pp .semsoS 
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lian region, concludes that the Leptospermoidece originated from 
the iVIyrteae. and that the Cretaceous forms were widespread which 
latter was undoubtedly the case. That before the separation of 
Australia from the Asiatic mainland fleshy-fruited forms found 
themselves in a region of warm moist climate but relatively poor soil 
and that it was this edaphic factor that was the principal stimulus to 
the differentiation of the Leptospermoidete. which with the exception 
of the genus Mcfrosidcros show adaptations to poor soil and temper- 
ate or dry climates and this exception explains the relatively wide 
distribution of Metrosideros from Asia to the Fiji Islands. The 
Eucalyptus forms according to the view of this student were derived 
from Metrosideros after the separation of Xew Caledonia from 
Australia and the latter continent from Asia. To support this latter 
point Andrews is obliged to consider all of the Cretaceous identifica- 
tions of Eucalyptus and all of the Tertiary identifications outside 
of Australia as equally misleading. With regard to the presence of 
Eucalyptus in North America I think this contention to be not un- 
likely. for although in accordance with paleobotanical usage, I have 
identified numerous forms of Eucalyptus in the North American 
Upper Cretaceous. I have long thought that these leaves represented 
ancestral forms of Eugenia or Myrcia, but have hesitated suggesting 
any change in nomenclature from the havoc it would play with strati- 
graphic paleobotany. 

The supposed American Cretaceous fruits of Eucalyptus have 
long since been shown to be referable to Daminai a-]ike forms and in 
my studies of the Tertiary tlora I have scrupulously refrained from 
referring any of the numerous myrtaceous leaves to the genus Euca- 
lyptus. Regarding the possible occurrence of Eucalyptus in Eu- 
rope I am not sure that the identifications of Ilccr, Unger and Ettings- 
hausen are erroneous. Certain remains considered as Eucalyptus 
fruits seem very convincing from the published figures and there is 
not the slightest doubt that the other great modern Australian alli- 
ance — the Proteacetc — was represented in both Europe and America 
during the Cretaceous and Tertiary. There is one additional argu- 
ment against the Cretaceous radiation and the paleobotanical deter- 
mination of Eucalyptus and that is the great persistence of the 
peculiar juvenile, oirposite, cordate, sessile and horizontal leaves which 
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niU't represent an ancestral character of long stamling before the 
evolutiuii Ilf ilie falcate leaves of the genus with twisted leafstalks 
and otlier xerophyiic features. 

I have dwelt at some length on this question because of its phylo- 
genetic importance and the possible bearing of the ^\'llcox flora on 
this priint. In Cesnsiilering tiic morphologv of the existing species, 
F.'.iijciiia has matt}' claims to be considereel th.e most primitive al- 
though fl/y rcia is almost equally old and is certainly closely related to 
Euiiona. Among the numerous Cretaceous fossils from North 
America now referred to EiicalyNns there is not a single one that 
does not exhibit characteristic feature^ of Euyenia or Myrcia. espe- 
cially the latter, a fact greatly impressed on me in handling a large 
amount of recent material during my study of the Whlcc'x forms. 

In the Ahlcox flora there are six well-marked species of ilyrcia 
and four nearly equally well marked species of Eitacnia as well as a 
single sftecies of Calyj'fnintlu's. The latter genus appears also to be 
represented in recent collections from the Isth.nuis of Tanama. 
\\ ilhout pursuing the subject beyond the known facts, confessetlly 
meager, and noting the presence in the Wilcox flora of numerous 
Combretacete and a representative of the gretit tropical familx Mclas- 
to>itaccco. largely American in the existing llora, hoth of which are 
families closelt' related morphologically tis the Mxriacete, it would 
seem that the known facts, as well as the law of probahilities, sug- 
gest America as the original home of the family. That it ix ached 
Europe either by way of Asia or the North .\tlantic plateau early in 
the b pper Cretaceous and became cosmopolitan before the close of 
the Cretaceous. During the late Tertiary this ancestral stock, which 
largel}' coincided with the existing subfamily Myrtoidete. was forced 
to withdraw from temperate North America to the American tropics, 
where it had originated and to which it has since been so largelv 
coiifmed. The t>pes peculiar to the -\nstralian region represent the 
relics of the Cretaceous radiation with numerous new tvipes evtilved 
on that continent as .Vndrews has suggested. This is exactlv the 

U' Sec Deane, H, " 0 ^^er\ ations nn the Tcni.iry h'lora of .Australia," 
l.iitii. Soc. X. S. IS, ii)oo. pp. 403-475; Canilo.ge. R. H., 

'■ De\ elopnicnt and Distnimtion of the (ientis Presidential Ad- 

dress, Jour. I’l'oo. A’ey A'c. A'. X'. Il’ii/tw, loij. 

PROC. .IMKR. PHIL. SOC , LIII, 2 I 4 . O. PRINTED Jt’LV 14 . 1014- 
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reverse of the hypothesis proposed by Deane 1 op. cit. 1 hut one that 
accords far better with the facts not only of geologic histor}-. but 
with those of existing distribution. 

As is pointed out in the systematic part of this work all of the 
Wilcox forms are coastal types closely related to existing American 
species of similar habitat. About 150 fossil forms have been re- 
ferred to the hlyrtacete, one third at least having been described as 
species of Eucalyptus. At least half of these occur in the Cretaceous 
of all parts of the world, but particularly throughout the northern 
hemisphere. They are especially well represented in Xorth Amer- 
ica and the possibility that they are ancestral forms of M\rcia or 
Eugenia has already been pointed out. A similar widespread distri- 
bution but less specific variation characterizes the Eocene forms that 
have been referred to Eucalyptus. The Oligocene records arc all 
European and the Miocene records include both Europe and .Asia. 

The genus Myrtus has about 24 fossil species, all European, the 
majority being almost equally divided between the Oligocene and the 
Aliocene. The oldest forms are early Eocene but the form-genus 
Myrtophyllum Heer has several Upper Cretaceous species in ifii- 
rope, .\mcrica and .Australia, as well as Tertiary species in Europe, 
Asia and South .America. 

The genus Myrcia DC. so well reprcseiued in the Wilcox ilnra 
has species in the European ( lligoceno, four species in the earlv Ter- 
tiary of Chili and one in the Pliocene of Brazil. 

The genus Eugenia, also prominent in the Wilcox r 1 ora, has its 
oldest known species in the Dakota .'■audstone. It is represented in 
Europe throughout the Tertiary from the lower Eocene to the 
Pliocene. 

The genus C allistcmon R. Brown has been identified in both the 
Upper Cretaceous and Tertiary of l-lurojie and no less than 2s spe- 
cies have been referred to the genus CallEtcinophyllum Ettings- 
hausen. These include T pper Cretaceous forni-- in .\inerica and 
Europe, Eocene forms in Greenland and .Vustralia, and numerous 
Oligocene and Aliocene .species in Europe. 

Leptospcrmum.LcptospcrnMtcs anAEcptospcrmocarpumhaxthtew 

identified from the Upper Cretaceous and Tertiary of Euroiie: Tris- 
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tajiia-likc fruits have been described as Tristanitcs by Saporta from 
the lower Miocene of France; the genus Psidiitjii Linne. with about 
too modern species in the West Indies and Mexico, is represented in 
Chili by an early Tertiary species: and finally the genus Metrosi- 
dcros has been identified in the Atane beds of Greenland and in both 
the C)ligocene and Miocene of Europe. 

The family Combretacete i Terminaliacete i embraces about i6 
genera and 285 existing species of shrubs or tree? and tropical 
vines, with simple, entire, coriaceous, persistent, exstipulate. alternate 
or opposite leaves. The inflorescence is racemose or capitate and 
the flowers are regular, perfect or polygamous, often apetalous. The 
stamens are two or three times as numerous as the petal- and the 
one-celled ovary develops into a drupaceous or berry-like indchiscent 
fruit, often crowned with the accrescent calyx and containing a soli- 
tary seed without endosperm. 

The e.xisting species are all tropical or subtropical, ranging from 
34^ north to 35° south latitude, aud a relative large number are lit- 
toral or strand types. The various continental areas have the fol- 
lowing peculiar species: .America 75. .Africa 85, Aladagascar 31'), 
-Asia 57. .Australia 23. .About ten or a dozen species are found in 
more than one area, there being a remarkable identity between the 
-American tropics and tho.-c of West .Africa, the genera Cacoitcia. 
Conocarl'us and Layuncularia having identical species in both 
regions. 

The geoLigic history of the family is most incomplete, but it is 
exceedingly prominent in the Wilcox flora where it is represented 
not only by characteristic leave- but by flowers aud fruits. Xo .-pe- 
cies are certainly known from horizons as old as the l’{)per Creta- 
ceous tiUhetugh a species of TcvuianaUl'liyllum has been descril.)ed 
from the Pcrucer beds ( Ccnenuauian i of Hohemia and a species of 
Conocarpitcs from the Tuscaloosa foriuatiou of .Alabama, .''o far 
as I know there are no authentic occurrences as old as those of the 
Wilcox. In this flora there are three well-marked species of Coui- 
hretum, a genus with about 130 e.xisting specie- found in all tropics 
c.xcept -Australia and Folyncsia. (Aver thirty of the-e are endemic 
in South America and their abundance in the Wilcox as well as the 
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occurrence of a species in the early Tertiary of Chili strongl}’ sugges;s 
that the genus is of American origin. This statement as well as the 
determination of the Wilcox species receives cur.nrmation in tlie re- 
markab!}' preserved flower from thene beds described as Cu'inbretaji- 
thites. Co)ubrctuiii has been recorded from the blioceiie of Switzer- 
land and Germany, and from the Pliocene of Italy. It occurs in the 
Claiborne group of the iXIissiS'ippi embayment and Feh.x has de- 
scribed petrified wood from the stipposedi Ifocene of the Caucasus 
which he calls Combrctaciniuin. 

The genus Conocar [•us Gtertner, a member icf the tropical man- 
grove association, has a well marked species in the Wilcox ilora 
which is supposed to be descended from the Conocar[itcs described 
from the Tuscaloosa formation in this same general region. Another 
specie' very close to the modern form of the American tropics oc- 
curs in the Claiborne group. Conocarpiis fruits have also lieen de- 
scribed recently from the Aquitanian of Rhenish Prussia. 

The genus Lajunciilaria (diertner, monotxpic in the mangrove 
association of America and the west coast of tropical Africa, is rep- 
resented by both leaves and fruits in the Wilcox tlora. The onlv 
other genus of Combretacete with known fossil representation is 
Tenninalia Linne It is a large genus in the existing flora with over 
one hundred species almost equally divided between America, Asia, 
Africa and Australia, several of the species being very wide-ranging 
littoral types. There are three Wilcox ,s[iecie', basetl on both leaves 
and fruit. ( Jne of the species makes its ap[)earancc in the underly- 
ing Midway group of the Western Gulf region, pus-iidv reprc'enting 
the beginning (jf it' extension northward along the coa-t in the em- 
ba_\ment region from tropical -\merica. 

Five Oligocene species of Tenninalia have been de-cribed fn.nt 
Furope. the determination' rc'ting on both leaves and fruit', and the 
occurences ranging from the .'-lannoi'ian to the Chattian and geo- 
graphicall.N from 'outhea.'tern h'rance to ( ireece. Tlierc ;ire seven 
well distributed Miocene 'jiecies in Furope. a' well as Fliocene 
species in both .'^pain and Itah along the shores of the Pliocene 
klediterranean Lea. A supposed Pliocene specie.' is aPu recorded 
fr(jm llolivia. 
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While future discoveries will have to greatly amplify the fossil 
record before the history of the family in past times can be traced 
with any degree of surety, the remarkable display of these forms 
in the [Mississippi embayment region, evidently derived from the 
American tropics, gives a large amount of probability to the theory 
that the family originated in the American tropics during the 
Upper Cretaceou;. 

The genus Trapa Linne. formerly included in the family Ono- 
gracete, is now made the type and only genus of the family Hydro- 
caryacete ( Trapacete. Dumort, 18271. There are three existing 
species, all acjuatics. and all confined to the old world except for 
the naturalization of Trapa luitans Linne, in Xew England ani! 
Xew York. The latter species is found irregularly scattered througlt- 
out central and southern Europe, its area of distribution being a 
contracting one as shown by its occurrence in post-glacial deposits 
at very many localities beyond its present range in Russia, Finland. 
Sweden and Denmark. The two other existing specie- are Tral'o 
biconiis Linne of China and Tral’o bispinosa Roxburg of south- 
eastern and southern Asia (said tilso to occur in Africa). 

The genus has an extended geological history. Rosettes supposed 
to represent the floating leaves {Trapa f microp/iylla T-esq., and 
Trapa ? ctiucata Knowlt. 1 are widespread in the Rocky [Mountain 
province in beds of late Cretaceous and early Tertiary age. Th.e oldest 
recognizable fruits are a large bi-cornute form from the F-ocene of 
Canada and Alaska and Trapa xailcoxciisis Berry found in the Wil- 
cox flora. An ( )ligoccne species [Trapa Cradiicri\ Schenk has 
been described from Saxony, and no less than seven species have 
been described from the [Miocene — two occurrin.g in Idaho ( Payette 
formation), one in Japan and the balance in Europe, where two 
-pccies continue into the Pliocene. A species from the late Pliocene 
of America is fotmd iit southern .Vlabama. The existing Trapa 
iiafaits has been recorded from the preglacial beds of England and 
Saxonv and from very many interglacial and postglacial deposits in 
Portugal. Italy, X’ctherlands. Cermany, Sweden. Russia ami Den- 
mark, (dunnar Andersson in a recent paper (lOio) mentioning 18 
localities in YA-st Prussia. 6 in Denmark, 17 in Sweden and 20 in 
Finland. 
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The family IMelastomaceae is a relatively large one with about 
150 genera and over three thousand existing species. It is almost 
strictly tropical although some members range southward to 40’ 
south latitude. It is a typically American familv. seven of the fifteen 
tribes into which the family is divided being confined to tropical 
America, and about 2.500 of the existing species being also endemic 
in this region. \\ hile the geologic history of this vast assemblage of 
forms is practically unknown, there is no evidence to disprove the 
theory that it, like the allied families Combretacex and iMyrtacea?, 
had its origin in that most prolific region — the American tropics. 

The few fossil forms that have been found, including leaves, 
flowers and calices. have been referred to the form-genus Mchsto- 
mitcs first proposed by Unger. A doubtfully determined species, 
which probably belongs to the Lauracete, had been recorded from the 
Tpper Cretaceous of Westphalia. The only known Eocene species 
is the well-marked form present in the Wilcox flora. Four Oligocene 
species have Ijeen described from Bohemia. Styria and Egypt : four 
IMiocene species from Switzerland. Prussia and Croatia; and a 
Pliocene species from Italy. 

The order Umbellales 1 ETiibelliflorre of Englcr ) includes but 
three families — the Araliacere, Umbelliferce and Cornacere, together 
with upwards of 3.000 existing species of which more than twn- 
thirds belong to the Umbellifen-e. The three families are closely 
related and stand somewhat apart from the re^t of the choripetalnus 
orders. W hile undoubtedly there has been great specific variation in 
very modern timc.s especially among the herbaceoUb forms of Umbel- 
liferte. some members of the alliance go back as far as undoubted 
dicotyledons have been found, and this fact is one of the strongest 
arguments for considering its relation>hips to the Camopetal.x to be 
less close than some botanists have .suggested, a suggestion based 
primaiil) on a consideration of the floral structures apart frimt the 
morphological features of the whole plants As regards floral evo- 
lution the P mbellales clearly mark its highest expression aiiKjng the 
Choripetalre and parallel the < iamopetalre. The flowers are epigy- 
nous. with c}clic stamens, reduced carjieK, and often reduced sepals. 
The Araliaccte and Cornaccce are both positively and the L'mbel- 
liferte rloubtfully represented in the Wilcox flora. 
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The family Araliacere contains about 52 genera and 500 existing 
species, chiefly inhabitants of the tropics, the notable exceptions to 
this statement being in North America and eastern Asia. The 
modern center of development is in the Asia-Australia region, no 
less than 33 genera being confined to Asia. Malaysia. Australia or 
Polynesia. Africa has three peculiar genera with about 30 species; 
America has five peculiar genera with about IQO species. The genus 
Sclicfflcra is cosmopolitan. Hcdcra and Polycias occur in Eurasia 
and Africa. Tuo genera are common to Asia and America and 
^Iralia adds Australia to a similar distribution. PscitJoicim.r with 
about six species is peculiar to western South America and New 
Zealand. 

The fossil record is not nearly as complete as it should be to 
aft'ord a secure basis for generalizations. A number of genera are 
found, however, in the oldest deposits in which undoubted dicoty- 
ledons are known. The largest genus is Amlia. commonly used by 
paleobotanists as a form-genus for generically unidentified species 
of Araliaceae, rather than for forms falling within a strict modern 
definition of Amlia. No less than fifty species of Aralia have been 
described from the Cretaceous. Two of these come from horizons 
as old as the Albian of Portugal. In beds of similar age in eastern 
America ( Maryland and \ irginial there are two well-marked species 
referred to Aralucl’Iiyllttm and clearly ancestral to the numerous 
species of .-Iralia so common in the L’pper Cretaceous of the latter 
region. ^ ery similar, in some cases identical, forms are found in the 
Cretaceous on both sides of the Atlantic. There are fifteen species 
in the Perucer beds (Cenomanian') of Piohemia and (Moravia and a 
like number in the Dakota sandstone of the western United States, 
while along the east coast there arc nine species in the Raritan forma- 
tion. eight in the (Magothy formation, and one each in the P.lack 
Creek formation of North Carolina, the Eutaw formation of Georgia, 
the Tuscaloosa formation of Alabama and the MMoilbine sand of 
Texas. In Greenland there are two species in the .Ttane beds and a 
third in those of Patoot. In the younger Cretaceous there are two 
species in Hohemia, two in M estphalia and one in Colorado. Aus- 
tralia has a species and ten supposed varieties of Amlia in the Upper 
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Cretaceons beds of that country. In addition to the foregoing dis- 
play, the allied genus Amliopsis (Berry 1911 ) has a number of well- 
marked =pecies in the Raritan, Alagothy and Dakota formations, so 
that it must be conceded that the araliaceous stock was well differ- 
entiated and cosmopolitan before the close of the Cretaceous.’'’ 

There are over a score of Eocene species of AraHa. thev being 
especially common in the Fort Union of the western United States, 
the Paleocene of Belgium, and the Eocene of Au?tralia. The three 
Wilcox species are not common — two of them are commun Fort 
Union species and the third was described originallv from western 
Greenland. In addition there are species in the Denver formation, 
the Green River formation, in Oregon, Xew Zealand. Italy, and the 
south of England. 

There are upwards of twenty Oligocene species, especially in the 
Sannoisian of southeastern France from which 14 -pecies have been 
described. All of the other Oligocene records are also European. 

There are also about twenty Miocene species distributed over 
Xorth America. Europe and Asia. Some of the California species, 
c. g., Anilki U’hitncyi. are clearly ancestral to existing Asiatic east- 
coast forms. A fruit { Araluccarpiini') is described from the Miocene 
of Prussia. There are in addition between 15 and 20 fossil species 
of ^-Iralia more or less doubtfully connected with other genera of the 
family, c. (j., there is a .-pecies of Arthrophylliim doubtfully identified 
from the upper Oligocene of France ; a species of Ccplialopana.v I -') 
is recorded from the lower Miocene of France: several forms of 
Sciadophyllum ( ?) occur in Greenland. Ilohemia and France: and 
Paratropia f ?') is recorded from tlie Paleocene, Oligocene and Iilio- 
cene of France and the Miocene of Bohemia. 

There are two '^pecies of Orenpanax in the Wilcox tlora, one of 
them exceedingly well marked and clearly referable to the section 
Digitat.-e of Orcopanax. The latter genus has about eightv existing 
species with simple, lobate and digitate leafed section.-, confined to 
tropical America but present in the Paleocene. Tongrian and Aijui- 
tanian of France. The modern Asiatic .genus Acaiithopanax Dc- 
cai.sne and Planclion has Oligocene species in France and Germany, 
and a Miocene species in Japan. 

S'’ Sec Berry, '' Aralia in American Paleoliotane .” Bot. Caz., W,l. :i6 lot? 
pp, 421-428 
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The genus Panax Linne with about six existing species in Asia 
and Xortli America has furnished a number of fossil forms based 
on numerous characteristic fruits as well as leaves. It is representeQ 
from Greenland to Alabama along the west coast of the Atlantic 
and in the Perucer beds of Bohemia (Amliphyllitm ) . It has five 
species in the Oligocene of Europe and six iMiocene species in 
Europe and Colorado. Tlie genus Cussonia Thunberg with about 
25 African species in the existing fiora is doubtfully recorded from 
the Albian of Portugal. It is present in the Perucer beds of Bohemia 
t CussoiiipJiylliiiii ) and in the Oligocene of France and Greece. 

The genus Hcdcra Linne with only three existing species of 
Europe, Asia and Africa has numerous and well-defined fossil 
forms. Xo less than fifteen have been described from the Gpper 
Cretaceous of both America and Europe. There are about seven 
Eocene species in Greenland. Alaska, the Fort Union of the western 
I'nitecI States, and in the Paleocene of r)elgium and France. The 
genus remains common during the Tertiary in Europe and is present 
in America as late as the Upper Miocene lake of Florissant. Colorado. 
The anecestor of the e.xisting IPcdcra helix Linne occurs in the 
Pliocene of central France and the modern form itself is found in 
the Pleistocene of England. F’rance and Italy. A species of Polyacias 
occurs in the Pleistocene of Java associated with Pithecanthropus 
ereetiis. 

The family Umbelli ferae with 170 genera and upwards of two 
thousand existing species is di.'-tinctly an extratropical family with 
numerous boreal forms. The majoritv are herbaceous and of rela- 
tively modern origin. It is very sparingly and doubtfullv represented 
in the fossil state and the only W ilcox form that suggests such an 
affinity is the fruit described as Carpolithiis praiu/osoidcs which 
greatly re.^cmbles those of the existing genus Prafu/os Lindley. 

The third family of the Umbellales. the Cornaccae. is a relatively 
small one. with only sixteen genera and about too existing species, 
mostly of the temperate zone. The fossil forms are confined to the 
two genera Corniis and Ayssa. Conius has abciut 40 existing species 
of herbs and small trees mostly confined to the north temperate zone 

u The forms from the Putomac group of Maryland and A irginia de- 
scribed by Fontaine as species of Ucdcriij'hyltuni are entirely worthless. 
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in Eurasia and North America but represented in iVIexico. and with 
a single species in Peru. Over fifty fosiil species have been de- 
scribed. There are at least twelve in the Upper Cretaceous, all con- 
fined to North America and ranging from Greenland to Alabama. 
There are about a dozen Eocene species in America. Europe, and the 
Arctic, one of these is sparingly represented in fine A ilco.x flora. 
Oligocene records are few in number but over 25 Miocene species 
have been described, the genus being particularly abundant at this 
time throughout central Europe but also represented in both North 
America and Asia. About five Pliocene species are recorded from 
Spain, France, Italy and Japan and the genus has aft'orJed Pki.-to- 
cene material in New Jersey. Holland. England, etc. 

The genus .V\w.ya Linne (including also XyssidhiDi Heer and 
Xxssites Geyler and Kink. ) comprises about seven existing species 
ranging from shrubs to large trees, natives of southeastern North 
America and eastern and central Asia. It has furnished over fifty 
fossil forms, the majority being based on the characteristic costate 
stones. The oldest known forms are from near the base of the 
Upper Cretaceous (Dakota. Tuscaloosa) of North America. Py 
Eocene time Xyssa liad reached Alaska. Greenland and Europe. 
There are two characteristic species in the Wflcox, both based on 
stones, and a third occurs in the overl'ing deposits of the Claiborne 
group. In the lignite deposit of Lrandon, Vermont, of uncertain 
but probably early Tertiary age, no less than eighteen so-callcd 
species of stone.s have been described, and while doubtless the specific 
differentiation i^ overrefined, it emphasizes the abundance of A f.'Wrt 
in New England at that time. Ayswa is abundant in the European 
Oligocene and there are Aliocenc species in New Jerse\v \hrginia, 
Europe, and Asia ; and a Plii jcene .species occurs in Alabama. Some 
of the modern species are common in the Pleistocene of this couiurv 
from New Jersey southward. 

V hile much reniain.s to be learned regarding the historv of the 
Cornacc.-e it seems clear that the two .genera Cornns and A'v.swa w Inch 
liave yielded fossil forms are both types that appear to have origi- 
nated in North America during the Cretaceous. 

No family of tlie Choripetala; has succeeded in maintaining a 
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world-wide distribution as have several families of iMonocotyledoiiK 
and Gamopetalas. Xo distinctly boreal group has been developed as 
aiming the ( lamopetalte ( Ericales). Certain great families charac- 
terize the north temperate region and these are all herbaceous forms 
believed to be of relatively recent origin, e. g.. PolygonaceK, Caryo- 
plivllacere, Cruciferte, Saxifragacere. Onagracece and Umbelliferte. 
\Miile aquatic forms are common this habit does not characterize 
whole families as among the Alonocotyledome. The Choripetalte 
predominate in the American tropics and many of the families 
present in the A'ilcox flora have been shown to have probably origi- 
nated in that region. 

The second grand division of the Dicotylcdona:. the Gamopetalse 
( Sympetalce 1 . constitute a rather well-defined group, presumably de- 
rived from the Choripetalte. and characterized by a complete cyclic 
arrangement of the floral parts, a usually gamopetalous corolla, 
ovules with a small nucellus and mually a single integument. It 
contains nine or ten orders and upwards of 50.000 existing species. 
The majority of the orders appear to be more compact and natural 
groups than the corresponding alliances among the Choripetake. 
The Ericales, Primulales and Ebenalesare pentacyclic and isocarpous, 
while the Gentianales. Polemoniales, Personales. Plantaginales, Rubi- 
ales. \’alcrianalcs and Campanales are tetracyclic and anisocarpic, 
the last three orders being epigynous. 

The alliance predominates in herbaceous forms and several of 
the families are distinctly boreal. While the Composit?e, Labiatre 
and Plantaginaceie are of world-wide di.'.tributiou there are no 
notable continental pairings such as i.^ u^ualh' the result of an 
extended geologic histiary. These and man_\' other facts suggest that 
the Ujamopetal.T-’ as a whole, especially the more evolved, herbaceous, 
extratrnpical families, are of relatively modern origin whose major 
specific differentiation was concomitant with the occupation of the 
temperate zones after the retreat of the Pleistocene ice-sheets. 

Prom the viewpoint of floral structures the so-called Compositc'e 
are clearlv the culmination of the evolution of floral structures. This 
is shown not only by their gamopetaly, epigvny, connivent anthers, 
and the formation of seedlike fruits with a pappus, but by the com- 
plex flowerhead, the prevalence of diclinism, the dimorphism of the 
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corollas and other special features. Tins therirem is corrobrsrated 
bv the in general modernness of the alliance. 

Si-x of the Gamopetaloiis orders are represented in the W ilcox 
flora. The first of these, the Priniulales. in its fullest development in 
existing floras includes the three families MyrsinaceE. Primulacete 
and Plumbaginacete. They are structurally much alike with a 'ii-gle 
cvcle of stamens opposite the petals, and a iniilocular ovar\ with a 
free central placenta. This community of floral organization can 
onlv be attributed to convergence and not to filiation since the IMyr- 
sinacete are old forms which in modern floras are predominantly 
tropical and American while the Primulacete are chiefly north tem- 
perate and boreal herbs of relatively recent evolution ; and the Plum- 
baginacete are very modern halophytic herbs and undershrubs of 
salt beaches and steppes, the majority being found in the dlciiter- 
ranean and Caspian regions. 

The IMyrsinacete, the only family represented in the AVilc ix flcira, 
is characterized by alternate, simple, coriaceous, punctate, exstipulate 
leaves: perfect, regular flowers: and single seeded drupaceoin friuts 

The family contains about thirty genera and 5.i;o species of -hrub' 
or trees, largely tropical and predominantly -American. Thus eleven 
genera containing upward of 200 species are peculiar to .America 
tvhile there are only four genera with less than a dozen '■pecies 
peculiar to Asia, and three genera with about too species lEculiar 
to Africa. 

The genus Myrsinc Linne is found on all the continents except 
Europe and in Polynesia. Its distribution is e.xtratn )pical in the 
African region. Enardisia Pax is found in all tropics, ^^acsa Fur- 
skal is found in all oriental tropical countries as i-- also tlie monotepic 
genus ^dlyiccras Gtertner, a member of the coastal mangrove as-ocia- 
tion. The genus Cybiaiithiis Alartins, largely South American, lias 
species in the Phihpiiine.s and in .\’ew flrcnada. There is little that 
is significant in the recent distribution of the familv and the fo.s-il 
record is vert incomplete. 

r)ver seventy-five fossil forms have been referred to Mvrsiiie. 
The oldest are the .seven or eight forms recorded from the L'[>per 
Cretaceous. All of the older of these ( Cenomanian) are from A’orlh 
America and only one from the Ttironian of Bohemia occurs in tlie 
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European Upper Cretaceous. The American forms are not varied 
.4pecificallv but are wide ranging and common, extending from the 
Atane beds of (dreenland along the Atlantic coast to the Tuscaloosa 
formation of western Alabama as well as in the Dakota sandstone 
(jf the western interior. 

The recorded Eocene species of Myrsiiic number seven or eight 
and. include an Australian form, one in the early Eocene of Alum 
Eay. three in the upper Eocene of France, and two in western Alaska. 
Myrsiiic is exceedingly varied and abundant during the Oligocene 
thrc'ughout southern Europe, over thirty species having been de- 
scrilied. of wliich eleven occur in the basal (.digocene of southeast- 
ern France 1 Sannoisian ) . There are upwards of tinny IMioccne 
specie.' throughout Europe, one in Colorado being the only known 
.\merican occurrence. .Several species linger in the Eliocene of south- 
ern Europe in France and Italy and one species is present m the Pli- 
ocene of ISrazil. In addition to the forms referred to Myrsiiw sev- 
eral forms front the European Tertiary have been referred to the 
form-genus Myrsiiiitcs. Ettingshausen recorded a species of Plcio- 
iiicritcs frciin the Iiliocene of Hohemia ; and the genus Mjcsa For- 
skal, which has about 40 modern species in .\sia, .Vfrica, -\ustralia 
and I’olMic'ia, is representcil in the Uligocene of Transylvania and 
Egypt and in the IMiocene of Styria. 

The genus Ardisia Swartz (including Ardisiophylliiiii Geyler) 
has furnished about a dozen fossil specie^.tlie oldest of which, a very 
(luubtfullv determined form, comes from the Turonian of lloheinia. 
There is an Eocene or Oligocene species in Chili, three CHigocene 
species in rjoheinia and one in Transylvania. There are four Alio- 
cene species in France, lloheinia and Styria: and Pliocene species in 
Italy and llorneo. 

The genus Icacorca -\ublet is the only member of the Ftyrsinacete 
found in the \\ ilcox llora. The genus has numerous existing spe- 
cies couhneil to South .America. The fos'il record is meager but 
includes two or three species of the European ( )Iigocene. The W’il- 
co.x species is thus considerably older than anv European occurrence. 
It re]iresents a form which is very close to the modern Icacorca lan- 
iciilata Sudworth, a shrub or slender tree of the Florida kevs, Paha- 
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mas. Cuba and the east coast of southern Mexico. In addition to 
the foregoing records at least four kinds of flowers have been de- 
scribed from the Baltic amber f Sannoisian ) . These are Bcroidtia 
Gceppert (2 species'), Myrsinopsis Conwenz. and Sauiclia Gueppert. 

W'hile the geologic history of the family is thus so incomplete it 
is not without significance in this case as in the case of so manv fami- 
lies previously discussed, that a predominantly American familv in 
the existing flora has its oldest known fossil occurrence' in the baml 
Upper Cretaceous of Xorth America. 

The order Ebenales includes the families Sapotacete. Ebenacete. 
Styracacere and Symplocacere. together with upward of one thisu- 
sand existing species, the larger families being the Sapotaceie and 
Ebenacete. both of which are represented in the Wilco.x flora, wlnle 
the other two families are sparingly represented in the European 
Tertiary. There is considerable range in floral structures from 
indefiniteness in the number of stamens and carpel? and polypctaly. 
to a 4 to 8 cyclic arrangement, which leads floral morphologists to 
consider the order as among the mo?i primitive of the Gamopetalte. 

The family .Sapotacete comprises trees or shrubs with a milkv 
juice and with alternate, simple, entire, mostly coriaceous, petiolate, 
exstipulate leaves. It conttiins about thirty-two genera and nearly 
four hundred existing species of all tropical countries, .\bout half 
of the existing species are American. There are ele\en genera con- 
fined to America, seven to Africa, three to Australia, two to Xew 
Caledonia, two to Asia anil Malaysia, two to Malat'ia and one to 
^\sia. The thiee large genera, S uIc}‘oa'\'1<>h , c and 

Mimusops, are represented in all tro[)ical countries. There are four 
genera and twelve species represented in the Wilcox flora. The 
largest of these genera is Bumclia Swartz with six well-marked Wil- 
cox specie-. Bumclia with about a score of species i- confined to 
America in the existing flora, ranging from the sniithern L'nited 
States through the West Indies and Central America to Brazil. It 
has numerous fossil .species, the oldest coming from the I’lgier Cre- 
taceous fDakota sand-truie ) of the western interior. In addition 
to the six 'Wilcox species, which are prototypes of still existing form-, 
there are two Irocene species ('Ypresiaiu in southern England. 
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There are about a dozen (31igocene species, ten of which are wide- 
spread in Europe, one is found in the Apalachicola group of west- 
ern Florida and two forms, representing both leaves and fruit, are 
found in the A'icksburg group of Louisiana and Texas. There are 
seven or eight Pliocene species widespread in Europe and one is re- 
corded from the late Aliocene of Colorado. 

The genus Chrysophylhim Linne with about sixty existing species 
found in all tropical countries, but the majority American, has a 
supposed species in the Cpper Cretaceous of Saxony ( X’ieder- 
schoena) ; a well marked species in the Wilcox flora; three Oligo- 
cene and six Pliocene species in Europe. 

The genus Miiiinsops Linne with about 40 existing species in all 
tropics has three well-marked Wilco.x species and a fourth in the 
overlying Claiborne deposits. To it has been referred a species from 
the L'pper Cretaceous of Saxony (Xiederschanaf and it is undoubt- 
edly represented in the L'pper Cretaceous of tlie embayment region 
as well as elsewhere by the leaves that have been referred to the 
form-genus Sapotacitcs. 

The genus Sideroxylon Linne. with about eighty e.xisting species 
in the oriental tropics and about fifteen in the American tropics, 
has two species in the Wilco.x flora which are the oldest thus far 
discovered. To this genus have been referred four Oligocene and 
one or two IMiocene species from Europe. 

Isonandra \\'right a small modern genus of the IMalavan region 
is represented in the Tertiary of Borneo by Isonandropliyllitm Gev- 
ler; the genus .IcJims Linne (Saputa I'lumier). now monotcpic in 
the West Indies, has three species in the European IMiocene; Laba- 
tia .Swartz, with six existing species in the American tropics, has 
been doubtfully determined in the IMiocene of Prussia and Italy: 
and Feli-X has described two forms of petrified wood which he refers 
to this family under the name Sapotoxyloii, one species from Ger- 
manv and the other from an unknown locality and horizon. 

A large number of fossil forms of Sapotaceae have been referred 
to the form-genus Sapotacitcs proposed by Ettingshausen ( also Sapo- 
toplixUiiin) . There are at least ten L'pper Cretaceous forms wide- 
spread in North America and represented in Europe in the I’erucer 
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beds of Bohemia and the Crcdncria stage of southern Saxony ( Ceno- 
manian). Three of these Upper Cretaceous forms are from the 
Tuscaloosa formation of Alabama and undoubtedly represent the 
ancestors of some of the Wilcox forms. There are about ten re- 
corded species of Sapotacitcs in the Eocene of Australia. France and 
southern England. There are about a score of species in both the 
Oligocene and iMiocene, most of which are European. There is. 
however, an undescribed species in the Apalachicola group of west- 
ern Florida. In the Pliocene there are species in S'luthern Europe 
and on the island of Java. 

Xotwithstanding the incompleteness of the record it is obvious 
that the family became well dift'erentiated during the Upper Creta- 
ceous and while it would not be safe to assign its pkice of origin to 
the American region, it is probable that at lea.^t several of the genera, 
such as Btunclia for example, originated in this region. 

The family Ebenacete includes about eight genera and upwards of 
three hundred exi^ting shrubs and trees, of which over half are 
referred to the genus Diospyros Linne. The family is mainlv trop- 
ical as are most of the species of Diospyros. but the latter is repre- 
sented in the north temperate zone in eastern Xonh America, east- 
ern Asia, and the iMcditcrranean region. The three modern mono- 
typic genera, Tctmclis, Brachyuema and Rhapidanthc are coniined 
respectively to ^iladaga.scar, Brazil and West Africa and none have 
been found fossil. The genus Royena is mostly .South African: 
Eiiclca is entirely confined to Africa: Malm, a large genus, ranges 
from Africa eastward to Polynesia: and Macrciijhtia is common to 
tropical Africa and America. 

Diospyros with about i8o existing species i-. cosmopolitan. Be- 
tween 90 and too fosh! forms have been described. In that grand 
display of dicot> ledonous genera which during the mid-Cretaceous re- 
placed the old IMe-'Ozoic lloraof ferns, c\ cads, tin I coni lers and which 
appeared with such apparent '^uddennes'' at a number of points in the 
northern hemisphere, we find unmistakable evidence of the abun- 
dance and wide distribution of species of Diospyros. Xo le^s than 
seventeen different forms have been described from the rock- of thi- 
age, and the localities where they have been found arc scattered 



!9I4 ] 


SOUTHEASTERX NORTH AMERICA. 


241 


from Australia to Bohemia, Greenland, and \'ancouver Island. A 
large majority of these species are American, and they seem to have 
been especially at home along the Cretaceous coast of the Atlantic 
and along the border of the iMediterranean sea which extended north- 
westward from the Gulf of iMexico over much of our present Great 
Plains area. One of these species, well named Diosf’xros priiiiccz’a 
by Professor Heer in 1866, is especially widespread and abundant, 
being found not only in Iowa, Kansas, and Nebraska in the west but 
also from Texas eastward through Alabama aud northward in South 
Carolina, North Carolina, iMaryland. New Jersey, Long Island and 
Greenland, or from latitude 33° to latitude 71° north. That these 
early persimmons were not very dilterent from those of today is 
shown by their similar foliage. This resemblance is also shown by 
the fossilized remains of the calices of various species. One of these 
calices from another early Cretaceous species, recently described by 
the writer, is Diospyros zrra. found in what is known in the Potomac 
River valley as the Raritan formation. Apparently the habit of 
accrescence had not been fully formed but the calyx was persistent 
then as now and entirel}' like a modern calyx in appearance. It was 
four-parted as it usually is in c.xisting persimmons, but other fossil 
forms had a five-parted calyx like a good many present day tropical 
species. 

In the Eocene epoch, which succeeded the Cretaceous, the records 
of the fossil occurrences of Diospyros show that it was truly cos- 
mopolitan. These records include abmit 20 species in Siberia. 
Alaska and Greenland on the north : Canada, various localities in 
Europe, as well as Colorado. iMontana. Wyoming, Nevada, Ore- 
gon, Washington, and other western states. Unfortunately, we have 
no Eocene or later Tertiary records along the Atlanic coast of North 
America outside the embayment region since the preserved deposits 
are all of marine origin and contain no fossil plants. There is little 
doubt, however, that Diospyros continued to be an abundant element 
in the aborescence flora of this area. 

There are two well-marked species of Diospyros in the A\hlcox 
flora, one of which continues in this region through the Claiborne. 

I'ROC. .\MER PHIL, hoc , LIU. 2I4, P, PRINTED JELY I4, I9I4. 
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A large cal}x is present in the Claiborne or \ icksbr.rg of soiitlv'.xo':- 
ern Texas. 

There are about 24 (Jligocene species, I 'iospyros being e'peciaily 
common throughout southern Europe. There i- an .-Vniericau ~’pe- 
cies of this age in the Apalachicola group of western FArida The 
luxuriant forests of the Miocene have furni'hied ab.iin twenty spe- 
cies of Diosl'yros. the known distribution at tins time inchidics Euro- 
pean localities from Spain to Hungarv and -Ymerican record' in 
C)regon, California, Yellowstone Park and Criloradi o Tltere are 
seven Pliocene species in southern Europe and in Java. 

The allied genus Royoia Linne has furnished splendidilv pre- 
served fruits from the oasis Chargeh in Pfgypt 1 l'p])er Cretaceous 1 
as well as tour Ctligocene and two Miocene species in Europe It 
seems never to have been cosmopolitan like Ihospyros. since it lias 
never been recognized in the western hennsiihere. Tlie fursil hi'- 
tory of the genus Enclca Linne was evidently similar to that of Roy- 
eiia, i. e.. it makes its appearance in the basal ( digncenc of Europe 
where it is represented throughout the (.bligocene and Miocene, lie- 
coming confined to Africa in 1 ’lio-t'leistocene times. 

The genus Macrciyhtia DC. has nine or ten existing ^lecies one 
occurring in tropical Africa and the balance being American, d/uc- 
rc'njhtia is represented by both leaves and flowers in fo^siI tlnras and 
it has been a favorite receptacle for tripartite calices, not alwai s 
of assured botanical identity. The oldest form is one in the ( Icrman 
Oligocene and there are five or six s])ecies in the European Miocene. 
It has not been definitely recognized in Xorth America, although 
some of the Wilcox material is not unlike some Ifuroiiean material 
referred to Macrcu/htia. Felix has recognized wood of this family 
( Ehenoxylon ) in the Oligocene of the Island of Antigua. 

The order Gentianales ( Contortre of Englcr ) includes six fami- 
lies with between four and five thoiwand existing '[lecies. the largc-t 
family being the Asclepiadacete with upwards of two thousand spe- 
cies. The families are complexly interrelated among themselves 
and with the next two orders, about the onl\' constant characters 
being the opposite leaves and the generally twisted corolla in Estiva- 
tion. The Asclepiadaceae, not found in the \Vilcox, shares with the 



391 - 1 


southeastern north AMERICA. 


243 


Apoc\ naceri; in the development of a latex-sysiem and in other spe- 
cializations, and the elaborate contrivances for entomophil}' in the 
former family reach a degree of comple.xity almost comparable with 
that of the Orchidacete. The Loganiacete, also not represented in 
the Wilcox flora, are lianas characteristic of South -\menca and Asia 
and regarded by Engler as relatively primitive and possibly the an- 
cestral stock of the Gentianales and Rubiales. The order as a whole 
is numerically massed in the tropics bv reason of the manv tropical 
genera of the two largest families — tlie Asclepiadacete and Apocy- 
nacea?. which together contain three fourths of the existing species 
of the order. 

The family (flleacete, sometimes considered as an order, the 
Oleales, contains 21 genera and about 400 existing species. There 
are three small genera peculiar to Asia and four peculiar to America, 
the remaining fourteen genera being found in more than one conti- 
tinental area. The three largest genera Fra.riinis ( 40 ) , Maycpca ( 50 ) 
and Jasiniiinin ( ido) are all cosmopolitan. Eight of the twenty-one 
genera have been found fossil and it is evident that the family has an 
extended history, although tlierc arc no known Cretaceous records 
worthy of credence. Xor is the record well enough known to war- 
rant generalizations. It is obvious from the early Eocene occur- 
rence of leaves of Fra.viniis associated with characteristic fruits, that 
the family must have been evolved before the close of the Upper 
Cretaceous but none of the genera h;ive any well-marked or abun- 
dant known representation until Tertiary times. 

The genus Fra.viniis Linne has two species iu the A’ilcox Ih.ira, 
a characteristic samara, and foliage identical with that described 
by Hecr from western Greenland as Fra.viuus Johustrnpi. The lat- 
ter furnishes an interesting instance of the e.xtended distribution of 
members of the Eocene flora, at the sanie time illustrating the north- 
ward radiation of floras during the Eocene. Upward of ten addi- 
tional Eocene species are known all of which are .'\merican and rang- 
ing from Tennessee to Alaska and Greenland. The Oligocene marks 
the appearance of the genus in Europe from which time to the pres- 
ent the genus has been represented throughout the warmer parts of 
the north temperate zone, at least four of the existing species mak- 
ing their appearance in the rieistocene. 
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The second genus represented in the Wilcox flora is OsiiiJ)itlius 
Lour. It has about ten existing species of eastern Xorth America, 
eastern Asia and Polynesia. The Wilcox species is exceedingly 
close to Osnianthns amcricamts B and H of the Atlantic and Gulf 
coasts from Xorth Carolina southward. A second fossil species is 
found in the IMiocene of Florissant. Colorado. 

The old world genus Pliillyrea Linne is found fossil in Europe: 
the genus A otchca \ ent.. which has six existing Australian species 
and an isolated remnant of its former distribution in IMadeira and the 
Canary Islands, is represented in the Eocene. (Jhgocene and Mioceiie 
of Europe ; the genus Olca Linne with over thirty existing species 
about equally divided between .Africa. Asia, and .Australia and Poly- 
nesia, has about twenty fossil forms ( including Olcophylliim Con- 
wenz and Olccccarpum Menzel ) in Europe where they range in age 
from the basal Eocene through the Oligocene, Miocene and Pliocene 
to the Pleistocene. The genus is not known in .American fossil 
floras but there is a supposed species in the early Tertiarv of 
.Australia. 

The genus Ligustnun Linne with about 35 existing species in 
southeastern Asia and the East Indies has three species in the Oli- 
gocene and Aliocene of Europe.-*’ .Saporta has described represent- 
atives of the genus Syringa Linne from the Sannoisian of south- 
eastern France, the occurrence of the latter genus lieing based on 
floral remains. 

The family Apcpcynacece compri.^es 133 genera and between ten 
and ele\en hundred c.xisting species of perennial herbs, vines, shrubs 
and tree.-', mottle with a milky acrid juice and simple exptipulale 
leaves. The fruit is u.sually a pair of follicles or druiies and the 
seeds arc often comatose. The family is almost etiuallv divided into 
two subfamilies, the Plumcroidete having dS genera and about 550 
species and the Echitriidete having 65 genera and about 500 species. 
The genera Plumeria Linne with about 40 species, and Rauzeolfia 
Linne with about 45 species, are cosmopolitan, mostly tropical : and 
24 genera with about 300 species occur in more than one continental 
area. .America with 36 peculiar genera containing about 325 specie.s 

‘WA ^pecics of recorded by HoHick from the Upper Cretaceous 
of L"ng Island is probably a Pisunia. 
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heads the list, followed by Africa with 28 peculiar genera containing 
about 130 species, and Asia with 20 peculiar genera containing about 
75 species. Australia has few endemic genera or species, but numer- 
ous genera range from Asia or Africa to the Australian region and 
several genera are peculiar to iMalaysia and to Polynesia. In the 
present state of our knowledge the distribution does not furnish 
material for generalization. 

The fossil record, although including the representatives of at 
least a dozen genera, is too incomplete to shed much light on the his- 
tory of the family or its existing distribution. The largest fossil 
genus is the form genus ApocynophyUiini proposed by Heer and em- 
bracing fossil forms resembling Thcvctia, Ccrbcra, Apocynum and 
other existing genera of the family. Five species are recorded from 
the Upper Cretaceous, coming from the Dakota sandstone. Australia. 
\\'estphalia and Saxony. There are over a score of Eocene species 
widely distributed. There are five species in the Wilcox flora some 
of which are exceedingly well marked and common. There are 
also five species in the Ypresian of southern England. (.Ither Eocene 
records include Greenland. Australia. Xew Zealand and Chili. The 
score or more of known Oligocene species are confined to European 
localities. The iMiocene species number about 25. all confined to 
Europe except a form recorded from Italy. 

Fossil forms have been siiaringly referred to the following 
.genera: Allainaiida, Hcnnadictyon and Thcrctia have been recognized 
by Engelhardt in the early Tertiary of Chili: Aly.via. Alstoiia, Ccr- 
hcra and Tobcnuciiiojitana have been recognized in the European 
Tertiary by various students: the genus Xcritiiiiiim Unger has four 
or five species in the European Miocene: the genus Phtmoda has 
four Miocene species in Europe and a Pliocene species in Pirazil. The 
genus Echitoiiiinn Unger has over a dozen fossil species. There are 
five in the Eocene including a well marked form in the Mdlcox flora : 
two in the Oligocene and five in the Miocene of Europe. 

The genus Eodiiiit Linne has only three or four existing species 
of shrubs or trees in the warmer parts of Eurasia. However the 
commonly cultivated X criuni oleander Linne of the Levant grows 
to a relatively large size and is exten-ively naturalized in Florida and 
the M'est Indies. It is used for hedges in r>ernuula. Saporta re- 
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corLled an Upper Cretaceous species. Acri/n;! R ’I:"v , from the Cam- 
panian of Westphalia but this is almost certainly a mcmltcr of th.e 
hlyrtacete and not a Xcriiim. Undoubted species do occur in the 
Ec'cene of Europe, including the remains of a characteristic dower 
frijin the Paris basin. There are several (Jligocene and IMiocene spe- 
cies in Europe and the exi5ting Xc''i:uii oltJiidcr or its immeihate 
ancestor occurs in the Pliocene of southern Europe in France and 
Spain. The U ilcox species Al'ocyiiopiiyUiuii tabinaniin is very sug- 
gestive of Xcrium but the genus is not certainly known in the 
western hemisphere. 

It may be noted that with the exception of the nCit certainly 
idientified species oi Apocyiiol'hylluni the family is not represented in 
the abundant known Ujtper Cretaceous fiora.s of the wcirld. which 
might mean that it originateil somewhere in the juuthern hemi-phere. 

The order Polemonialc^ or Tubillorte*’ contains the four families 
Convolvulacece. Polemoniacete. TTydroph_\llacc;e and P.orraginaceie. 
The first three are characteristically American, the Convolvulacere 
being chiefly tropical, while the largest family, the 1 Sorraginacea?. is 
typically developed in the north temperate zone. 

The family I'.orraginacete. the only one of the order known in the 
Wilcox flora, contains about 85 genera and i.Coo existing species of 
mostly widely distributed north tem[)erate herb> and shrubs, or 
trees in tropical countries, characterized by alternate, ex>tipulate, 
mostly entire leaves. The kn.wvn fossil forms are few in number 
and of slight significance and comprise for the most part Tertiarv 
remains described as species of RoD'ai/iiiitcs and Id cdotro ['ites. The 
family is represented in the \\'ilcox by two species of Ccniia. a genUs 
containing about 230 existing specie- of -hrub- and trees of tlie war- 
mer regions of both hemispheres, e-peciallv the western, '['here is a 
species in the E pper Lretaceous of the Misssis-ippi embavment area 
( ruscaloQsa formation) and a Aliuccne species in Europe. Earlv 
Tertiary forms are recorded from Chili by Engelhardt ami from 
lasniania by Etting-hausen. Lhc slight eviilence available indicates 
that the genus originated in the American tropics and that the hulk 
of the family is of late Tertiarv origin. 

•■’X.a the Tuliiflone of En-kr which mclu.R-s die ookr.-. Roknionuik-s 
and Rcr-oiiaks, here riganled a- di-tiPct. 
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The order Personales or Labiatiflorse includes sixteen families dis- 
tinguished from the Polemoniales by the zygomorphism of the flow- 
ers. Tlie specific ditferentiation is great and the lines of descent 
are confusing. The largest families are the Labiatre with over 3.000 
existing species, the Scrophulariacese with about 2.500, the Acan- 
thacete with about 2.000. and the Solanaceaj with about 1.800. Two 
of the sixteen families, the ^'erbenacea: and Solanacete. are repre- 
sented in the Wilcox flora. 

The family \ erbenaceae includes about 73 genera and 1.300 ex- 
isting species of widely distributed herbs, shrubs, or in tropical coun- 
tries trees. The family is largely tropical or subtropical and is 
notably represented in the South American region. The fossil record 
is most incomplete. The largely old world genus Clerodtiidroii 
Linne is unmistakably present in both the Eocene and Oligocene of 
Europe, and Ettingshausen has referred, somewhat doubtfully de- 
termined forms front the European Miocene to the American genus 
Pctnc Linne and to the cosmopolitan genus J'itcx Linne. The 
genus Citliai'c.vylon Linne has about twenty existing species rang- 
ing from the Florida keys and lower California through the Amer- 
ican tropics to pjolivia and Brazil. A single species found in the 
middle and upper A ilcox is extremely close to the existing iitharcx- 
ylon z’lUosuin Tacquin, a small coastal tree of the Florida keys, Ba- 
hamas and Antilles. With the exception of one or two doubtfully 
determined forms in the IMiocene of southeastern Europe it is the 
only known fossil form. 

The genus .Ivicctuiia Linne sometimes made the t_\pe of a dis- 
tinct family, the Avicenniacem or P>lack-mangrove family, includes 
from three to thirty existing species according to the varying inter- 
pretation of dift'ercnt students. They are found on all tropical tidal 
shores. Two species have been recognized in the A'ilcox flora, one 
based on leaves and the second on a not conclusively identified 
capsule. 

The family Solanacete includes about seventy genera and about 
idoo existing species, widely di.stributed and largely tropical, but 
extending into the temperate zone, notably in the western hemisphere. 
They comprise herbs, shrubs, vines, or in tropical countries often 
tree.s. with opposite, stipulate, toothed, lobed or dissected leaves. 
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Their fossil history is almost entirely unknown. The single Wil- 
cox representative of the family is a flower described as So’.anitLS. a 
genus founded on the somewhat younger remains of a similar flower 
found in the Sannoisian of France, and comparable with the existing 
South American genus Saracha Ruiz & Pavon. as well as with JJ'itli- 
evingia, Solaiiiiiii, etc. 

The last order of Gamopetake positively recognized in the Wilcox 
flora is the Rubiales which includes over 5,000 existing species segre- 
gated into five families, over four fifths being referred to the family 
Rubiacete — the only one represented in the \\ ilccix. 

The Rubiacete includes about 355 genera and over 4.500 existing 
species of herbs, shrubs and tree^ ; with simple, opposite or vertic:!- 
late, mostly stipulate, leaves. They are widely distributed and 
largely tropical. While the Wilco.x representation is confined t' > a 
single species each of Exostona, Psychotria and GucttarJa, great in- 
terest must attach to the fossil record of so highly organized a family 
which is my justification for introducing the following brief sketch 
of our knowledge of it. 

Xo less than twenty-five genera have been recognized in the fossil 
state. With the exception of the very doubtful determination of a 
species referred to RiibiccpJiyllinn from the Turonian of Bohemia and 
doubtless representing a species of Ericacete. the familv is unknown 
in the Upper Cretaceous. It is however rei)resented in the early 
Eocene both in .America and Europe. The Wilcox forms reprc.sont 
a species of Exostcma Rich., close to the existing Exostcma cari- 
haeum R. & S. which ranges from the Florida keys to Central .Amer- 
ica. The genus comprises about twenty existing species of shrubs 
and small trees confined to the tropics and subtropics of .America. 
The second Wilcox species is referred to Giicttarda Kndhchcr, a 
genus of about fifty species mostly confined to the .American tropics 
but including one or two c ismopolitan troijical maritime species. 
The AA ilcox form is very close to the existing Guettarda clliptica 
Swartz, a small tree of the Florida keys, Bahamas and AA'est Indies, 
The third AA ilcox .species is Psyclwti ia gruiidtfolia described origi- 
nally by Fngelhardt from the early Tertiary of Chili. The genus 
Psycliotiiii Linne comprises about 35^^ existing species of shrubs and 
small trees in tropical America. .Asia and the East Indies, two thirds 
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of its species being American. The fossil form is compared with 
Psycliotria graiidis Swartz of the American tropics. 

The genus Coiissarca Aublet with about 40 existing species in 
the Brazilian region has been identified by Engelhardt from the 
early Tertiary of Chili. The genus Hoffmannia Swartz with about a 
score of existing American herbs or shrubs, mostly confined to Cen- 
tral America, has a fossil species in the early Tertiary of Chili. 
Likewise the genera Sabicca Aublet and Goiiattcria Alartius each 
have a single species in the Tertiary of Chili. 

The Baltic amber (Sannoisianf has yielded a flower referred 
to Scndclia and a leafy twig referred to Enaiitioblastos. The genus 
GaUiiin^ comprising over 250 widely distributed existing herbaceous 
forms, has been doubtfully identified from the Eocene of Green- 
land. Its fruits are also not uncommon in Pleistocene deposits. 
The genus Randia Houst., embracing about one hundred existing 
species of shrubs or trees in all tropics, is identified by a fruit in the 
Aquitanian of Rhenish Prussia, 

The genus Rubiacites so named by Webber from its resemblance 
to the existing forms of Riibia Linne has furnished three species of 
leaves and flowers in the .-Vquitanian of Prussia and Switzerland, 
The genus Gardenia Ellis, containing about sixty species of shrubs 
or rarely trees of the eastern hemis])here, is represented by charac- 
teristic fruits in the Sparnacian of France, the -Vcjuitanian of Ger- 
many and England, the Miocene of Baden and Italy, and the Pliocene 
of Italy. The genus Posoqueria Aublet, which includes five or six 
existing South American shrubs or trees, is represented according to 
Unger by both leaves and fruits in the IMioccnc of Croatia. The 
genus Ixora Linne with one hundred existing species of shrubs and 
small trees in all tropics is likewise recorded from the IMiocene of 
Croatia, as is also Pavetta Linne, a genus with about seventy existing 
species of shrubs or small trees of the Oriental tropics, which has 
furnished both leaves, flowers and fruits from the celebrated plant 
and insect beds of Radoboj in Croatia. 

The genus Coprosouia Forst., with 40 existing species in Aus- 
tralia, New Zealand and Oceanica, was recorded by Ettingshausen 
from the Tertiary of Tasmania. 

The genus Xanclea Linne, which has about thirty existing species 
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of sb.rui)? and trees in tropical Asia and Ciceanica. wa' iiiciuiticd ])\' 
Unger in the Euroj.ean IMieicene and petrified \vi'»id of thi' type 
( Xaiic’eo.vyloii ) was described by Crie from the Pliocene of Java. 

The gcnui Moriiida Linne ha? about thirty exi.'ting sjilcics in all 
tropics, especially in the Orient and the Pacific islandis. A fo?'il 
species has been recorded from the Cdigucene of Italv and five addi- 
tional species based on leaves have been described from the IMirjcene 
of Croatia. 

A fruit from the Tertiary lignites of BrancPm. \'ermont, has been 
described by Perkins as RiibioiJcs and another frotn the Aquitanian 
of Rhenish Prussia by hlcnzel under the name Ritbiaccu-carpmn. 
Geyler has identified the old world genus Gruinilca Gtertner in the 
Tertiary of Borneo, and finally the genus Cinclionidiuiii proposed 
by Unger for fossil fruits and leaves which were very iittiilar to those 
of the existing South American genu.? Cinchona Linne. has furnishetl 
a number of species. There are four or five in the Eocene, inclmling 
the Fort Union of the western United States and the Ypresian 
of England: five in the late Uligocene of southeastern Europe: about 
eight- hliocene species, cme coming from the Esmeralda forniaticin of 
Xevada and the balance being European. 

The family is thus seen to have been well represented in fossil 
floras throughout the Tertiary, but the small proportion of the exist- 
ing genera with fossil representatives and the incompleteness of liie 
record of those with fossil repre.sentatives renders untrustworthy anv 
generalizations that might be made from llie present facts. 

Under incerta' sedis are grouped fourteen s[)ecie? of the Wil- 
cox flora. These include two forms referred to Caiycifes: two to 
.dutholithus and ten to CarX>lithu<. It would be quite u.sele.ss to 
attempt any botanical discussiiin or comparison rd these uncertain 
forms, such remark? as the\ .?nggest lieing more suitabh’ confincl 
to the discussion of the individual species. 

JuH.\? Hepkix.s L’.\ni'i<?iTv. 

April JS, 1014. 



SOLAR ^lAGXETIC PHEXOMEXA. 


By GEORGE E. HALE, 

(Read April 24. 11)14.) 

The discovery by Stark of the electrical analogue of the Zeeman 
effect establishes a new point of view for the solar physicist. It is 
now known that an electric field, like a magnetic field, may cause the 
.'pectral lines of a light-source placed within it to break up into 
several components. Furthermore, the^e components, when observed 
at right angles to the lines of force, arc plane polarized in both cases. 
Thu' there are important points of resemblance between the Zee- 
man and Stark effects, and it becomes necessary to review the evi- 
dence on which the proof of the existence of solar magnetism is 
based. Is it possible that electric fields, rather than magnetic fields, 
are responsible for the observed spectroscopic phenomena? 

Fortunately, as a brief consideration of the observations will 
show, this evidence is not open to the charge of ambiguity. The 
phenomena described in my papers on the magnetic fields of sun- 
spot.-> and the general magnetic field of the sun are unmistakably 
those of the Zeeman effect. Tlicy are clearly ascribable. in their 
broad features, to magnetic rather than to electric fields, and if the 
latter e.xercise a secondary intluencc, it is n(at oasilv recognizable. 

I lerc an important opportunity for further research is presented. 
The separation of electrons in sun-',pot'. should give ri^e to electric 
field', which may be sufficiently intense to produce an appreciable 
Stark effect. ( )ther regions of the solar atmosphere where the eon- 
ditmn^ are most favorable for the production of electric fields are 
also oiten to investigation. F.ut our knowledge of the spectro'copic 

1 .-Mi'traet The complete details of the iiaper, which will be published 
in a series of articles in the Astrophysica! J.uiiital, include the results of 
in\ e.'tipations on the radial and tangential spot field: the rate of change of 
ficld-strcimth with level, hoth for spots and the general field; the relation'hip 
hetween fiehl-.'lrength and spot area; the complex fields of spot grirups ; the 
phenomena of Inpolar spot>. etc. 
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phenomena of all of these regions indicates that spec.al methods of 
research will be required. It is true that the components of tlie 
hvdrogen lines are much more widely separated by Stark s electric 
fields than by any magnetic fields yet produced. But electric fiehls 
sufficiently intense to produce such separation do not appear t'j cxi-t 
in the sun.- Furthermore, when the observations can be made along 
the lines of force, it is easier to detect a magnetic field giving in- 
complete resolution of a line than an electric field causing equal 
overlapping of its constituent parts. This is because of the right- 
handed and left-handed polarization of the components ; a charac- 
teristic feature which distinguishes the Zeeman effect from all rgher 
spectroscopic phenomena. The use of a quarter-wave plate in con- 
junction with a Xicol prism permits either component to be c.xtin- 
guished at will. Thus line displacements may be produceil which are 
measurable with such precision as to disclose the existence of a mag- 
netic field of only a few gausses. In fact, it might even l.)e fea'ihle, 
with special appliances, to detect the earth's field in this way. The 
absence of circular polarization prevents the observation of such d'.s- 
placcsnents in the Stark effect, but the use of suitable apparatus may 
ultimately bring to light solar electric field,- much tveaker than tho-e 
near the cathode of an ordinary vacuum tube. In aii\' event, it will 
become possible to set an upper limit to the intensity of the electric 
fields existing in various part.s of the ,snn. 

Let us now review the evidence indicating the presence of mag- 
netic fields in sun-.spots. after recalling the hypothesis which led to 
the application of the tests for the Zeeman ctfect on IMount Wilson 
in 1908. This hypothesis, based on the forms and motions of the 
dark hydrogen ('lied llocculi revealed a few weeks earlier with nur 
five-foot spectroheliograidi, hold- that sun-spots are vortex ])he- 
nomena. The electrons emitted at high solar temperatures, if 
whirled in a vortex, must produce a magnetic field, assuming the 
positive and negative electrons to he unef[ual in number. The recent 
work of Marker justifies the view that negative electrons would 
flow from the hot vapors surrounding the vortex toward the cooler 

= Unless the widening of lines in the chrumo.-pherc, especially that asso- 
ciated with eruptive plicnomena, where strong dcctric fields may he present, 
should prove to Ije due in part to their influence. 
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vapors within it, thus providing the separation called for in the 
hvpothesis. As for the existence of the vortex, in a form dift’erent 
from that first assumed, it is abundantly confirmed by the discovery 
of Evershed, and the subsequent observations of Evershed and St. 
John on the motion of vapors in the solar atmosphere surrounding 
spots. 

Assume the axis of the vortex to coincide approximately with 
a solar radius. Then, if the spot were central on the sun, the lines 
of force at its center would lie in the line of sight. Such an iron 
line as A 6302.709, which is resolved by a magnetic field into three 
components, should then appear in the spot as a doublet, the central 
component being absent when observed along the lines of force. The 
two outer components should be circularly polarized in opposite 
directions, and it should be possible to extinguish either one at will 
with the aid of a Xicol prism and quarter-wave plate. Furthermore, 
two spot vortices rotating in opposite directions should show the 
opposite components of the line, with the same adjustment of the 
polarizing apparatus. 

This test was successfully applied, and has since been repeated 
on many sun-spots. Under the most favorable conditions, either 
component can be completely extinguished. In general, however, 
the observations cannot be made exactly along the lines of force, and 
under such circumstances the elliptieally polarized components are 
not completely cut off. Moreover, such a line as A 6302.709 usually 
appears as a triplet, the relative intensities of the central and side 
components var} ing, as would be expected from the Zeeman effect, 
with the angle between the lines of force and the line of sight. 

Speaking generally, this angle should increase as the spot ap- 
proaches the sun's limb. We should therefore be able in this case to 
distinguish the phenomena of plane polarization, since in the labora- 
torv the three components are plane polarized when observed normal 
to the lines of force. As the central component is polarized in a 
plane at right angles to the plane of polarization of the side com- 
ponents, it should be possible to extinguish this line in the spectrum 
of a spot near the limb by rotating the Xicol prism, used with- 
out quarter-wave plate. This experiment has been successfully 
performed. 



254 


HALE— SOLAR MAGNETIC PHENOMENA. 


I need not dwell here on the other evidences of the Zeeman ettect. 
but the proof is very complete. The resolution of the 'pot lines is 
not sufficiently perfect to permit the numerous compoUL-nts ^howii 
in some cases by laboratory observations to be detected., but triplets 
and quadruplets can be distinguished, and the resemblance of the 
observed effects to those of a magnetic field is ver\' close f'Cr all 
lines. One of the most important tests is aff'orded by the steady 
decrease in the average separation of the components toward tb.e 
violet, corresponding with the fact that in a magnetic field their 
separation is proportional to the square of the wave-length. Here 
we have a marked disagreement with the Stark eff’ect. where the 
separation of the components increases toward the violet. 

In the case of the sun's general magnetic field, my conclusions 
are also based exclusively upon displacements due to circular or 
elliptical polarization. This field, which is about ei.ght}’ times as 
intense as that of the earth, but of only about one hundredth of the 
intensitt- of the maximum sun-spot field, is quite insufficient to sepa- 
rate the solar lines. In fact, the widening which it produces is much 
too tmall to be detected, and it is only through the possibility of 
cutting off one or the other component, and thus of producing a 
slight shift, that it can be measured. 

In the Stark effect the absence of circular or elliptical polariza- 
tion compels us to 'cek for evidence presented by change^ in the 
width of lines. The hydrogen line- H/3 and Hy, when observed tor 
the transverse effect, have been shown by Stark to have five com- 
ponents, the three inner polarized at right angles, the two outer 
parallel to the field. In the longitiulinal effect the two outer com- 
ponents are ab-ent, while the three inner components are present but 
unpolarized. In the .general electric field of the sun the lines of 
force may be re.garded a- radial. Hence all lines having .‘^tark effects 
similar to those of the hydrogen lines should be wider near the limb 
than at the center of the sun, and their plane polarized outer edges 
should be capable of e.xtinction by a Xicol. Lack of svmmetrv in the 
distribution of the components of a line, such as Stark has observed 
in some cases, would cause a drift of the lines near the limit. 
Tests made some time ago, in connection with the study of the 
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Zaeman effect, indicate that the well-known widening anil difplace- 
inent of the solar lines near the limb are not due primarily to tliis 
cause, though there may prove to be a second oriler effect smaller 
than I have yet been able to recognize. 

A compound half-wave plate, made of narrow strips of half- 
wave mica, so mounted that (when used with a Xicol) the alternate 
strips will transmit light polarized in planes at right angles to one 
another, is to be strongly recommended for this purpose. This will 
permit the widths and the positions of the solar lines to be compared 
on a single photograph, in the way which has proved so advantageous 
in the study of the sun's general magnetic field. ^ 

In a preliminary study of our photographs of sun-spot spectra, 
some of which were taken with the Xicol alone. I have been unable to 
detect any promising evidence of the Stark effect- However, these 
plates are poorly adapted for the purpose, and the investigation will 
soon be continued, and extended to various parts of the solar 
atmosphere. 


® Contributions from the Mount Wilson Solar Observatory, No. 71 




PROCEEDINGS 


OF THE 

AMERICAN PHILOSOPHICAL SOCIETY 

HELD AT PHILADELPHIA 
FOR PROMOTING USEFUL KNOWLEDGE 


\'oL. LIII Algust-December, No. 215 

THE A'EGETATIOX OF THE SARGASSO SEA. 

By william G. FARLOW. Ph.D., LL.D. 

(Read April 24, 1914-) 

On September 16. 1492, Columbus encountered masses of float- 
ing seaweed in latitude 28° N. 58° W. as he was approaching the 
Bahama Islands. This is the first record of the existence of what 
is now known as the Sargasso Sea. Since that date many navi- 
gators and travellers, who have traversed that region, have de- 
scribed the general appearance of the sea and have attempted to 
ascertain its limits and to e.xplain the source from which the floating 
gulf-weed was derived. Unfortunately, however, the earlier ac- 
counts were often rather vague and to some extent conflicting and 
even well-known scientific men. as Humboldt, have been too much 
inclined to call attention to the sea as one of the wonders of nature 
rather than to attempt to record the facts about it accurately. 
Humboldt, for instance, described the Sargasso Sea as an area six 
times as large as Germany covered with a growth of a single species 
of seaweed which he regarded as very remarkable considering the 
small size of the land areas covered by the growth of a single species 
of plant. Although Humboldt's account is in a sense true, the im- 
pression that those who read his account receive is misleading. 

The account given by Alexander Agassiz in 1SS8 was less sen- 
sational. He says ; 
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The Sargasso Sea of the North Atlantic covers a rather indefinite area 
between 22° and 36° X. and according to the statements of the older navi- 
gators, the amount of Sargassum to he met with varies from occasional 
patches to masses large enough to impede the progress of sailing vessels. 
The Sargassum probably changes its position constantly, according to the 
seasons, the currents, and the direction of the wind ; but within the area 
bounded by the Gulf Stream on the West, the equatorial current on the 
South and the return current from the Azores and Canaries the Sargassum 
has always been found in larger or smaller quantities.” 

At the present day we have a definite knowledge of the ocean 
currents and the prevailing winds of the Atlantic which are im- 
portant factors in the distribution of the gulf-weed. i\Iy personal 
experience, which has been confined to that part of the Ocean Iving 
between Xew York and Bermuda, agrees with that of most recent 
travellers who have traversed the Sargasso Sea in various directions 
and it may be said that the gulf-weed occurs in scattered patches 
which are usually from fifty to, at the most, a few hundred feet in 
diameter. It appears to be certain that in no place is the Sea covered 
by the gulf-weed in continuous masses miles in extent and it is not 
often the case that the patches extend over a space as large as an 
acre. Their long diameter is usually in the direction of the wind 
and their frequency varies very much according to circumstances. 
Whether they are ever so dense as actually to impede modern sailing 
vessels seems to me doubtful, and it must be said that those who 
make the statement that the progress of vessels may be impeded by 
the gulf-weed usually preface their remarks by saying ‘ according to 
older navigators ' and do not depend on their own observations. 

If at the present day we have a good topographical knowledge 
of the Sargasso Sea, the question as to the particular species to 
which the gulf-weed belongs still pre.sents several perplexing prob- 
lems and, as to the origin of the gulf-weed, as recentlv as 1907 
Sauvageau wrote : les causes de sa formation ne sont guere mieux 
connues que lors du premier voyage de Christophe Colonib." Sar- 
gassum, to which the gulf-weed, Sargassitni baccifcntm,^ belongs is 

1 The name Sargassum baccifcrum is used here since it has been the 
name most commonly used to designate the gulf-weed. Boergesen in his 
paper, ‘‘The species of Sargassum found along the coasts of the Danish 
V est Indies with Remarks upon the Floating Forms of the .Sargasso Sea,’’ 
Copenhagen, 1914. states fully the reasons for preferring the name Sar- 
gassum luitans (L ) on the ground of priority. 
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a large genus, the largest of all the genera of the larger brown sea- 
weeds, and includes mainly species which inhabit the tropics, or more 
accurately between about 42" X. and 42'^ S. latitude. They flourish 
just below low water mark but do not grow in deep water. They are 
attached to the substratum by a hold-fast and grow not infrecjuently 
to be three feet long, with a branching, slender stem bearing leaves 
with small, stalked air-bladders near their bases. The fruit, the 
spores, are in cavities on special branches. The genus is a difficult 
one for the systematic botanist because, to be sure of a species, one 
should have not only the stem with its leaves but also the base and 
the fruit and in many cases species have been described from frag- 
ments only. Furthermore the individuals of most species vary very 
much so that, without a study of a set of living specimens, an 
algologist might be pardoned for believing that he had not one but 
several species before him, judging by herbarium specimens only. 
The points I have just mentioned must bo borne in mind in what I 
have to say about the gulf-weed. It remains for us to consider the 
two questions: What is the gulf-weed and where does it come from? 

All observations agree that the masses of floating gulf-weed 
consist in far the greater part of the single species, called Sarf/assiiin 
baccifcrmit. If. however, we e.xamine more closely the traditional 
gulf-weed we find that although it has the characteristic leaves and 
bladders of the genus, it has no remains of a basal attachment 
and no fruit except in certain very rare and not well authenticated 
cases. Some believing that, if not impossible, it is certainlv very 
improbable that any species could continue to flourish indefinitely 
like the gulf-weed without at some time fruiting and, furthermore, 
seeing a certain resemblance of the leaves and bladders to those of 
certain species of Sargassum growing attached in the West Indies 
and on the Florida coast, have advanced the opinion that the floating 
form called gulf-weed consists of branches broken from the attached 
forms and carried by the gulf stream to the different parts of the 
Sargasso Sea. Others maintain that this is not the onlv case of a 
plant living and flourishing without producing fruit, and that, since 
up to the present time, no one has found the Sarr/assiDii bacciferum 
attached and fruiting, we are forced to believe that it is a distinct 
but always sterile species and not a form of any other attached 



260 


farlo\v-\’egetatiox of sargasso sea. [Apr.1.4. 


species. This latter opinion is the one held by most recent writers. 

The question is not as simple as it seems at first sight. It ma) 
be asked whether Sargassiim baccifermn occurs in other places than 
the Sargasso Sea and its immediate vicinity. W hat has been con- 
sidered to be this species has been reported to occur in Xew Zealand, 
Australia, Java and various places in the Pacific and Indian Oceans 
as well as A'alparaiso but only scattered specimens have been found 
and there is no evidence whatever that there is more than one Sar- 
gasso Sea in the world and it may be questioned whether all the 
specimens supposed to be S', baccifenim from other regions are 
really the same as the Atlantic form. I have a specimen marked 
Xew Zealand which seems to be the real gulf-weed but the data on 
the label are scanty and I do not feel sure that the locality is cor- 
rectly given. \'on Marten's theory that the gulf-weed originated in 
the Indian Ocean and was carried by currents round the Cape of 
Good Hope to the Sargasso Sea has nothing to support it. nor can 
the theory of Ed. Forbes that the floating gulf-weed is the survival 
of Sargassum growing on the submerged Atlantis be seriously con- 
sidered. 

As a waif, or straggler, the gulf-weed is occasionally deposited 
on the shores of northwestern Europe but in Great Britain, at least, 
it must be very rare for in his Phycologia Britannica Harvey was 
obliged to draw his figure of L. baccijcrum from an American, not 
a British specimen. On the east American coast specimens of the gulf- 
weed are very rare. The only specimen which I have is a fragment 
washed ashore at Bath, Long Island. Some years ago I was told by 
a sea captain that there was a bank of gulf-weed oft' Xantucket but 
I have been unable to obtain any confirmation of this statement. 
Even if there is such a hank, the chances are that it is composed of 
S. filipcnditla, which is very abundant on the atljaccnt >hure of Cape 
Cod. 

As has been said, by far the greater part of the gulf-weed masses 
is composed of X. haccifcnim. That it is exclusively so is not true. 
Agardh states that S. Hystrix is found with X. baccifcniin and 
recently Boergesen has reported the same species near the Danish 
West Indies ; X. vulgarc. a very common attached species of the 
West Indies has also been found with the gulf-weed. The mixture 
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of the two species does not appear to be common in the Sargasso 
Sea itself but, as one approaches the land, the floating S’, viilgare 
mixed with S', haccifenim is common and one finds both common 
even on the surface of landlocked waters like Harrington Sound, 
Bermuda. 

A verr- interesting case is that of the mixture of a species of 
Cystoseira and gulf-weed collected by Professor F. H. Storer on a 
vovage from the Cape of Good Hope to Xew York. The exact 
position cannot be stated but according to information given by Pro- 
fessor Storer it was approximately 10° X. by 40° to 45° W. One 
gathering only was made and from it was obtained the specimens of 
S. haccifenim distributed in the Algte Americte Borealis of 
Farlow, Anderson and Eaton. This set has been seen by all the well 
known algologists of the world and. as no one has questioned the 
determination, it may be supposed to be correct. The Cystoseira 
was entangled in the Sargassum. The species of Cystoseira are com- 
plicated and not easy to name and the specimens in question were 
not in fruit. As far as I could tell, the species appeared to be very 
near C. crinita Bory. a Mediterranean species. Specimens have been 
e.xamined by Sauvageau, the expert student of tlie genus, whose 
opinion is that in spite of certain points in common with C. crinita 
he would not venture to assert that they belong to that species. The 
interesting fact, however, is that, whether C. crinita or not. it must 
have come from the southeastern shore of Europe or of X’orthern 
Africa including the Atlantic islands since the species of Cystoseira 
abound in that region and, with one exception, none are found on 
the east coast of X^orth America. C. ^^\•rica is a rare species of 
Florida and the Bahamas and is quite different from the floating 
Cystoseira. As far as could be told from the material collected by 
Professor Storer, the Cystoseira in spite of its long journev was in 
as good a condition as the gulf-weed with which it was found. This 
is instructive as showing how far specimens can be transported by 
currents without perceptible injury. 

In conclusion, in the limited time at our disposal, I shall show' 
you a few slides of the gulf-weed and related species to illustrate 
more clearly some of the points I have mentioned. Everything con- 
sidered it seems to me that in the present state of our knowledge we 
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are not as yet warranted in assuming that the floating gulf-weed 
could not have been derived originally from some fixed, fruiting 
form. Certainly we do not at present know from what species it 
might have been derived but, until the distribution of the Sargassa 
on the eastern coast of America and the West Indies is better known 
and the characteristics and variations of the various described species 
have been more thoroughly studied, the question of the origin of the 
gulf-weed seems to me to be still open. 



THE KIXETIC SYSTEM. 


By GEORGE \V. CRILE, ^I.D. 

(Read April 22, 1914.) 

In this paper I formulate a theory which I hope will harmonize a 
large number of clinical and experimental data, supply an interpre- 
tation of certain diseases, and show by what means many diverse 
causes produce the same end effects. 

Even should the theory prove ultimately to be true, it will mean- 
time doubtless be subjected to many alterations. The specialized 
laboratory worker will at first fail to see the broader clinical view, 
and the trained clinician may hesitate to accept the laboratory find- 
ings. Our viewpoint has been gained from a consideration of both 
lines of evidence on ratlier a large scale. 

The responsibility for the kinetic theory is assumed by myself, 
while the responsibility for the experimental data is shared fullv by 
my associates, Dr. J. B. Austin, Dr. F. \V. Hitchings. Dr. H. G. 
Sloan and Dr. iM. L. Menten. 

IXTRODUCTIOX. 

The self-preservation of man and kindred animals is affected 
through mechanisms which transform latent energy into kinetic 
energy to accomplish adaptive ends. i\Ian appropriates from envi- 
ronment the energy he requires in the form of crude food which is 
refined by the digestive system ; oxygen is taken to the blood and 
carbon dioxid is taken from the blood by the respiratorv system ; to 
and from the myriads of working cells of the body, food and oxygen 
and waste are carried by the circulatory system : the body is cleared 
of waste by the urinary system ; procreation is accomplished through 
the genital system ; but none of these systems are evolved primarily 
for the purpose of transforming potential energy into kinetic energy 
for specific ends. Each system transforms such amounts of poten- 
tial into kinetic energy as are required to perform its specific work; 
but no one of them transforms latent into kinetic energy for the 
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purposes of escaping, of fighting, of pursuing: or for combating 
infection. The stomach, the kidneys, the lungs, the heart strike no 
pht sical blow — their role is to do certain work to the end that the 
blow may be struck by another system evolved for that purpose. I 
propose to offer evidence that there is in the body a system evolved 
primarilv for the transformation of latent energy into motion and 
into heat. This system I propose to designate the Kinetic System. 

The kinetic system does not directly circulate the blood, nor does 
it exchange oxt-gen and carbon dioxid : nor does it perform the func- 
tions of digestion, urinary elimination and procreation : but though 
the kinetic system does not directly perform these functions, it does 
plav indirectly an important rdde in each, ju^t as the kinetic system 
itself is aided indirectly by the other systems. 

The principal organs which comprise the kinetic system are the 
brain, the thyroid, the suprarenals. tlie liver and the muscles. The 
brain is the great central battery which drives the body ; the thyroid 
governs the conditions favoring tissue oxidation : the suprarenals 
govern immediate oxidation processes ; the liver fabricates and stores 
glycogen : and the muscles are tlie great converters of latent energy 
into heat and motion. 

Adrenalin alone, thvroid extract alone, brain activity alone, and 
muscular activity alone are capable of causing the body temperature 
to rise above the normal. The functional activity of no other gland 
of the body alone, and the secretion of no other gland alone can 
cause a comparable rise in body temperature — that i^, increased func- 
tional activity ; and no active principle derived from the kidney, the 
liver, the stomach, the pancreas, the hypophysis, the parathyroid, the 
spleen, the intestines, the thymus, the lymphatic glands or the bones 
can. per sc, cause a rise in the general body temperature comparable 
to the rise that may be caused by the activity of the brain or the 
muscles, or by the injection of adrenalin or thyroid extract. Then, 
too, when the brain, the thyroid, the suprarenals, the liver or the 
muscles are eliminated, the power of the body to convert latent into 
kinetic energy is impaired or lost. I shall offer evidence tending to 
show that an excess of either internal or external environmental 
stimuli may modify one or more organs of the kinetic .‘~\steni, and 
that this modification may cause certain diseases. For example,— 
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alterations in the efficiency of the cerebral link may yield neuras- 
thenia, mania, dementia ; of the thyroid link. — Graves’ disease, 
myxedema ; of the suprarenal link, — Addison's disease, cardiovas- 
cular disease. 

This introduction may serve to give the line of our argument. 
We shall notv consider briefly certain salient facts tvhich relate to the 
conversion of latent energy into kinetic energy as an adaptive reac- 
tion. The amount of experimental data is so large that they will 
later be published in a monograph. 

The amount of latent energy which may be converted into kinetic 
energt' for adaptive ends varies in different species, in individuals of 
the same species, in the same individual in ditterent seasons : in the 
life cycle of growth, reproduction and decay : in the waking and 
sleeping hours ; in disease and in activity. We shall here consider 
briefly the reasons for some of those variations and the mechanism 
which makes them possible. 

Biologic Coxsider.miox of the Ad.\ptiveV.\ri.vtiox ix Amouxts 
OF Exergy Stored ix V.\rious Axim.\ls. 

Energy is appropriated from the physical forces of nature that 
constitute the environment. This energy is stored in the body in 
quantities in excess of the needs of the moment. In some animals 
this excess storage is greater than in other animals. Those animals 
whose self-preservation is dependent on purely mechanical or chem- 
ical means of defense, such animals as crustaceans, porcupines, skunks 
or cobras, have a relatively small amount of convertible (adaptive) 
energy stored in their bodies. On the contrary, the more an animal 
is dependent on its muscular activity for self-preservation the more 
surplus available (adaptive) energy there is stored in its body. It 
may be true that all animals have approximately an equal amount 
per kilo of chemical energy — but certainly they have not an equal 
amount stored in a form which is available for immediate conver- 
sion for adaptive ends. 

Ad.vptive V.\ri.\tiox in the R.vte of Exergy Discii.vrge. 

What chance for survival would a skunk have without odor; a 
cobra without venom ; a turtle without carapace ; or a porcupine 
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shorn of its barbs, in an environment of powerful and hostile carni- 
vora? And yet in such a hostile environment many unprotected 
animals survive by their muscular power of flight alone. It is evi- 
dent that the provision for the storage of ■' adaptive " energy is not 
the only evolved characteristic which relates to the energy of the 
body. The more the self-preservation of the animal depends on 
motor activity, the greater is the range of variation in the rate of dis- 
charge of energy. The rate of energy discharge is especially high 
in animals evolved along the line of hunter and hunted, such as the 
carnivora and the herbivora of the great plains. 

Influences That Cause Vari.-\tion in the Rate of Output of 
Energy in the Individual. 

Xot only is there a variation in the rate of output of energy 
among various species of animals, but one finds also variations in the 
rate of output of energy- among individuals of the same species. If 
our thesis that men and animals are mechanisms responding to en- 
vironmental stimuli is correct, and further, if the speed of energy 
output is due to changes in the activating organs as a result of adap- 
tive stimulation, then we should expect to find physical changes in 
the activating glands during the cycles of increased activation. What 
are the facts? We know that most animals have breeding seasons 
evolved as adaptations to the food supply and weather. Hence there 
is in most animals a mating season in advance of the season of maxi- 
mum food supply so that the young may appear at the period when 
food is most abundant. In the springtime inobt birds and mammals 
mate, and in the springtime at least one of the great activating glands 
is enlarged — the thyroid in animals and in man shows seasonal en- 
largement. The effect of the increased activity is seen in the song, 
the courting, the fighting, in the quickened pulse and in a slightly 
raised temperature. Even more activation than that connected with 
the season is seen in the physical act of mating — when the thvroid is 
known to enlarge materially, though this increased thyroid activity, 
as we shall show later, is probably no greater than the increased 
activity of other activating glands. In the mating season the kinetic 
activity is speeded up; in short, there exists a state— a fleeting state— 
of mild Graves’ disease; in the early stages of Graves’ disease, before 
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the destructive phenomena are felt, the kinetic speed is high and life 
is on a sensuous edge. Xotonly is there a seasonal rhythm to the rate 
of flow of energy, but there is a diurnal variation, the ebb is at night, 
and the full tide in the daytime. This observation is verified by ex- 
periments which show that certain organs in the kinetic chain are 
histologically exhausted, the depleted cells being for the most part 
restored by sleep. 

We have seen that there are variations in speed in different spe- 
cies, and that in the same species speed varies with the season of the 
year and with the time of day. In addition there are variations also 
in the rate of discharge of energy in the various cycles of the life of 
the individual. The young are evolved at high speed for growth, so 
that as soon as possible they may attain to their own power of self- 
defense: they must adapt themselves to innumerable bacteria; to 
food, and to all the elements in their external environment. Against 
their gross enemies the young are measurably protected by their 
parents : but the parents — except to a limited extent in the case of 
man — are unable to assist in the protection of the young against 
infectious disease. 

The cycle of greatest kinetic energy for physiologic ends is the 
period of reproduction. In the female especially there is a cycle of 
increased activity just prior to her development into the procreative 
state. During this time secondary sexual characters are developed — 
the pelvis e.xpands, the ovaries and the uterus grow rapidly, the 
mammary glands develop. Again in this period of increasing speed 
in the expenditure of energy we find the thyroid, the suprarenal and 
the hypoph} sis also in rapid growth. Without the normal develop- 
ment of the ovary, the thyroid and the hypophvsis, neither the male 
nor the female can develop the secondary sexual characters, nor do 
they develop sexual desire nor show seasonal cycles of activity, nor 
can they procreate. The secondary sexual characters — sexual de- 
sire, fertility — may be developed at will — for e.xample, by feeding 
thyroid products from alien species to the individual deprived of the 
thyroid. 

At the close of the childbearing period there is a permanent 
diminution of the speed of energy discharge, for energy is no longer 
needed as it was for the self-preservation of the offspring before 
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adolescence, and for the propagation of the species during the pro- 
creative period. Unless other factors intervene this reduction in 
speed is progressive until senescent death. The diminished size of 
the thvroid of the aged bears testimony to the part the activating 
organs bear in the general decline. 

AVe have now referred to variations in the rate of discharge of 
energy- in different species ; in individuals of the same species ; in 
cvcles in the same individual — such as the seasons of food suppl}’ ; 
the periods of wakefulness and of sleep : the procreative period — and 
we have spoken of those variations caused artificially by thyroid 
feeding. 

Thus far we have referred to the conversion for adaptive pur- 
poses of latent into kinetic energy in muscular and in procreative 
action. AA'e shall now consider the conversion of latent into kinetic 
energy in the production of heat,^ and endeavor to answer the ques- 
tions which arise at once: — Is there one mechanism for the conver- 
sion of latent energy into heat and another mechanism for its con- 
version into muscular action? AA’hat is the adaptive advantage of 
fever in infection? 

The Purpose axd the Meciiaxis.m of He.vi Pkoduciiox ix 

IXFECIIOXS. 

A'aughn has shown that the presence in the body of aii}’ alien 
protein causes an increased jmoduction of heat, and that there is no 
difference between the production of fever by foreign protein and by 
infections. Before the day of the hypodermic needle and of ex- 
perimental medicine, the foreign proteins found in the body outside 
the alimentary tract were brought in by invading microorganisms. 
Such organisms interfered with and dc'^troyed the host. The body, 
therefore, was forced to evolve a means of protection against these 
hostile organisms. The increased metabolism and fever in infection 
might operate as a protection in two w a_\ s : the increased fever by 
interfering with bacterial growth, and the increased metabolism by 
breaking up the bacteria. Bacteriolngi,-,ts have taught us that bac- 
teria grow best at the normal temperature of the body, hence fever 

1 We use the terms heat and muscular action in the popular sense, 
though physicists use them to designate one and the same kind of energy. 
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would interfere with bacterial growth. With each rise of one degree 
centigrade the chemical activity of the body is increased ten per cent. 
In acute infections there is aversion to food and frequently there is 
vomiting. In fever, then, we have a diminished intake of energy-, 
but an increased output of energy — hence the available potential 
energy in the body is rapidly consumed. This may be an adapta- 
tion for the purpose of breaking up the foreign protein molecules 
composing the bacteria. Thus the body may be purified by a che- 
mical combustion so furious that frequently the host itself is de- 
stroyed. The problem of immunity is not considered here. 

As to the mechanism which produces fever, we postulate that it 
is the same mechanism as that which produces muscular activity. 
iMuscular activity is produced by the conversion of latent energy into 
motion, and fever is produced largely in the muscles by the conver- 
sion of latent energy into heat. We should, therefore, find similar 
changes in the brain, the suprarenals. the thyroid, and the liver, what- 
ever may be. the purpose of the conversion of energy — whether for 
running, for fighting, for the e.xpression of emotion, or for combating 
infection. 

\\'e shall first present e.xperimental and clinical evidence which 
tends to show what part is played by the brain in the production of 
both muscular and febrile action, and later we shall discuss the parts 
played by the suprarenals, the thyroid, and the liver. 

Histologic Changes in the Bkain-Cells in Relation ro the 

^Maintenance of Consciousness and to the Production 
OF THE Emotions. ^Iuscular Activity and Fever. 

We have studied the brain-cells in human cases of fever, and in 
animals after prolonged insomnia; after the injection of the toxins 
of gonococci, of streptococci, of staphylococci, and of colon, tetanus, 
diphtheria and typhoid bacilli; and after the injection of foreign 
proteins, of indol and skatol, of Icucin and of peptones. We have 
studied the brains of animals which had been activated in varying 
degrees up to the point of complete exhaustion by running, by fight- 
ing, by rage and fear, by physical injury and by the injection of 
strychnia. We have studied the brains of salmon at the mouth of 
the Columbia River and at its headwater; the brains of electric fish, 
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the storage batteries of which had been partially discharged, and of 
those the batteries of which had been completely discharged; the 
brains of woodchucks in hibernation and after fighting; the brains 
of humans who had died from anemia resulting from hemorrhage, 
from acidosis, from eclampsia, from cancer, and from other chronic 
diseases. A\'e have studied also the brains of animals after the ex- 
cision of the suprarenals, of the pancreas, and of the liver. 

In everv instance the loss of vitality — that is. the loss of the nor- 
mal power to convert potential into kinetic energy — was accom- 
panied bv phvsical changes in the brain-cells. The converse was also 
true — that is. the brain-cells of animals with normal vital power 
showed no histologic changes. The changes in the brain-cells were 
identical whatever the cause. The crucial question then becomes : 
Are these constant changes in the brain-cells the result of work done 
by the brain-cells in running, in fighting, in emotion, in fever: In 
other words, does the brain perform a definite rule in the conversion 
of latent energy into fever or into muscular action ; or are the brain- 
cell changes caused by the chemical products of metabolism? Hap- 
pily this crucial question was definitely answered by the following 
experiment: The circulations of two dogs were crossed in such a 
manner that the circulation of the head of one dog was anastomosed 
with the circulation of the body of another dog and vice versa. A 
cord encircled the neck of each so firmly that the anastemnsing circu- 
lation was blocked. If the brain-cell changes were due to the meta- 
bolic products, then when the body of dog “ A ” was injured, the brain 
of dog “ A ’’ would be normal and the brain of dog “ B " would show 
changes. Our experiments showed brain-cell changes in the brain 
of the dog injured and no changes in the brain of the uninjured dog. 

The injection of adrenalin causes striking brain-cell changes — 
first, a hyperchromatism, then a chromatolysis. Xow if adrenalin 
caused these changes merely as a metabolic phenomenon and not as 
a “ work " phenomenon, then the injection of adrenalin into the caro- 
tid artery of a crossed circulation dog would cause no chan.gc in its 
circulation and its respiration, since the brain thus injected is in ex- 
clusive vascular connection with the body of another dog. In our 
experiment the blood-pressures of both dogs were recorded on a drum 
when adrenalin was injected into the common carotid. The adre- 
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naliii caused a rise in blood-pressure, an increase in the force of car- 
diac contraction, increase in respiration, and a characteristic adrenalin 
rise in the blood-pressure of both dogs. The rise was seen first in 
the dog whose brain alone received adrenalin and about a minute 
later in the dog whose body alone received adrenalin. Histologic 
examinations of the brains of both dogs showed marked hyperchro- 
matisni in the brain receiving adrenalin, while the brain receiving no 
adrenalin showed no change. Here is a clear-cut observation on the 
action of adrenalin on the brain — and both the functional and the 
histological tests showed that adrenalin causes increased brain action. 
The significance of this affinity of the brain for adrenalin begins to 
be seen when I call attention to the following striking facts : 

1. Adrenalin alone causes hyperchroniatism followed by chroma- 
tolysis, and in overdosage causes the destruction of some brain-cells. 

2. \Mien the suprarenal glands are both excised and no other 
factor is introduced, the Xissl substance progressively disappears 
from the brain-cells until deatli. This far-reaching point will be 
taken up later. 

Here our purpose is to discuss the cause of the brain-cell changes. 
We have seen that in cros^ed brain and body circulation trauma 
cause changes in the cells of the brain which is disconnected from 
the traumatized body by its circulation, but which is connected with 
the traumatized body by the nervous system. We have seen that 
adrenalin causes activation of the body connected with its brain by 
the nervous system, and histologic changes in the brain acted on 
directly by the adrenalin, but we found no brain-cell changes in the 
other brain through which the products of metabolism have circulated. 

In the foregoing we find direct evidence that the brain-cell 
changes are not due to the products of metabolism. We shall now 
present evidence to show that the brain-cell changes are “ work ” 
changes. What work? We postulate that it is the work by which the 
energv stored in the brain-cells is converted into electricity or some 
other form of transmissible energy which then activates certain glands 
and muscles, thus converting latent energy into heat and motion. It 
has chanced that certain other studies have given an analogous and 
convincing proof of this postulate. In the electric fish a part of the 
muscular mechanism is replaced by a specialized structure for storing 
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and discharging electricity. e I'ound " work changes in the 
brain-cells of electric fish after all their electricity had been rapidly 
discharged. We found further that electric fish could not discharge 
their electricity when under anesthesia, and clinically we know that 
tinder deep morphia narcosis, and under anesthesia, the production 
both of heat and of muscular action is hindered. The action of mor- 
phia in lessening fever production is probably the result of its de- 
pressing influence on the brain-cells, because of which a diminished 
amount of their potential energy is converted into electricity and a 
diminished electric discharge from the brain to the muscles should 
diminish heat production proportionally. We found by c.xperiment 
that under deep morphinization brain-cell changes due to toxins 
could be largely prevented : in human patients deep morphinization 
diminishes the production of muscular action and of fever, and as 
we shall see later conserves life when it is threatened by acute in- 
fections. The contribution of the brain-cells to the production of 
heat is either the result of the direct conversion of their stored energy 
into heat, or of the conversion of their latent energy into electricity 
or a similar force, which in turn causes certain glands and muscles to 
convert latent energy into heat. 

A further support to the postulate that the brain-cells contribute 
to the production of fever by sending impuhes to the muscles is 
found in the effect of muscular exertion, or of other forms of motor 
stimulation in the presence of a fever-producing infecffon. Under 
such circumstances muscular exertion cau>cj additional fever, and 
causes also added but identical changes in the brain-cells. Thvroid 
extract and iodin have the same effect a- muscular exertion and infec- 
tion in the production of fever and the production of brain-cell 
changes. All of this evidence is a strong argument in favor of the 
theory that certain cou>titueiits of the brain-cells are consumed in 
the work performed by the brain in the production of fever. 

That the stimulation of the brain-cells without gross activity of 
the skeletal muscles and without infection can produce heat is shown 
as follows : 

(a) Fever is produced when animals are subjected to fear with- 
out any consequent exertion of the skeletal muscles. 
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(&) The temperature of the anxious friends of patients will rise 
while they await the outcome of an operation. 

tc) The temperature of patients will rise as a result of the mere 
anticipation of a surgical operation. 

((/) There are innumerable clinical observations as to the effect 
of emotional excitation on the temperature of patients. A rise of 
a degree or more is a common result of a visit from a tactless friend. 
There is a traditional Sunday increase of temperature in hospital 
wards. Xow the visitor does not bring and administer more infec- 
tion to the patient to cause this rise, and the rise of temperature 
occurs even if the patient does not make the least muscular exertion 
as a result of the visit. I observed an average increase of one and 
one eighth degrees of temperature in a ward of fifteen children as a 
result of a Fourth of July celebration. 

Is the contribution of the brain to the production of heat due to 
the conversion of latent energy directly into heat, or does the brain 
produce heat principally by converting its latent energy into electri- 
city or some similar form of transmissible energy which through 
nerve connections stimulates other organs and tissues, which in turn 
convert their stores of latent energy into heat? 

According to Starling, when the connection between the brain 
and the muscles of an animal is severed by curare, by anesthetics, 
by the division of the cord and nerves, then the heat-producing power 
of the animal so modified is on a level with that of cold-blooded ani- 
mals. With cold the temperature falls, with heat it rises. Such an 
animal has no more control over the conversion of latent energv into 
heat than it has over the conversion of latent energv into motion. 

Electric stimulation done over a period of time causes brain- 
cell changes, and electric stimulation of muscles causes a rise in 
temperature. 

SUMM.\RY. 

In our crossed circulation experiments we found that the 
brain-cell changes were not due to waste products or to meta- 
bolic poisons. We found that in the production both of muscular 
action and of fever there were brain-cell changes which showed a 
quantitative relation to the temperature changes or to the muscular 

PROC. AMER. PHIL. SOC., LIII, 215. P, PRINTED Dec. II, 1914. 
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work done. We observed that under deep morphinization the febrile 
response or the muscular work done was either diminished or eli- 
minated and that the brain-cell changes were correspondingly dimin- 
ished or eliminated. We found also that brain-cell changes and 
muscular work followed electric stimulation alone. I conclude, there- 
fore, that the brain-cell changes are work changes. 

^^'e shall next consider other organs of the kinetic svstem in their 
relation to muscular activity^ to emotion, to consciousness, to sleep, 
to hibernation, and to heat production. 

The Scprarexal Glaxo. 

In our extensive study of the brain in its relation to the produc- 
tion of energy and consequent exhaustion caused by fear and rage : 
by the injection of foreign proteins, of bacterial toxins and of strych- 
nin; by anaphylaxis; by the injection of thyroid extract, of adren- 
alin, and of morphin; we found that with the exception of morphin 
each of these agents produced identical changes in the brain-cells. 
As we believed that the suprarenal glands were intimately associated 
with the brain in its activities, we concluded that the suprarenals 
also must have been affected by each of these agents. To prove this 
relation, we administered the above-mentioned stimuli to animals and 
studied their effects upon the suprarenal glands by functional, histo- 
logical and surgical methods, the functional tests being made bv Can- 
non's method. 

Fuxchoxal Study of the Supkakexal Glaxds dy Caxxox’s 

Method. 

Our method of applying the Cannon test for adrenalin was as 
follows, (ci) The blood of the animal was tested before the applica- 
tion of the stimulus. If this test was negative, then (h) the stimulus 
was applied and the blood again tested. If this test was negative, 
a small amount of adrenalin was added. If a positive reaction was 
then given, the negative result was accepted as conclusive, (c) If 
the control test was negative, then the stimulus was given. If the 
blood after stimulation gave a positive result for adrenalin, a second 
test of the same animal s blood was made twentv-five minutes or 
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more later. If the second test was negative, then the positive result 
of the first test was accepted as conclusive. 

We have recorded sixty-six clear-cut experiments on dogs, which 
show that after fear and rage, after anaphylaxis, after injections of 
indol and skatol, of leucin and tyrosin, of the toxins of diphtheria 
and colon bacilli, of streptococci, and staphylococci, of foreign pro- 
teins and of strychnin, the Cannon test for adrenalin was positive. 
The test was negative after trauma under anesthesia, and after intra- 
venous injections of thyroid extract, of thyroglobin and of the juices 
of various organs injected into the same animal from which the 
organs were taken. Placental extract gave a positive test. The test 
was sometimes positive after electric stimulation of the splanchnic 
nerves. On the other hand, if the nerve supply to the suprarenals 
had been previously divided, or if the suprarenals had been previously 
excised, then the Cannon test was negative, after the administration 
of each of the foregoing adequate stimuli. Blood taken directly 
from the suprarenal vein gave a positive result, but under deep mor- 
phinization the blood from tlie suprarenal vein was negative, and 
under deep morphinization the foregoing adequate stimuli were 
negative. 

In brief, the agencies that in our brain-cell studies were found to 
cause hyperchromatism followed by chromatolysis, gave positive 
results in the Cannon test for adrenalin. The one agent which was 
found to protect the brain against changes in the Xissl substance — - 
morphin — gave a negative result in the Cannon test for adrenalin. 
After excision of the suprarenals, or after division of their nerve 
supply, all Cannon tests for adrenalin were negative. 

Histologic Studies of the Suprarexal Glaxds. 

Histologic studies of the suprarenal glands after the application 
of the adequate stimuli which gave positive results to the Cannon 
tests for adrenalin are now in progress and thus far the histologic 
studies corroborate the functional tests. 

In hibernating woodchucks, the cells of the adrenal cortex were 
found to be vacuolated, and shrunken. In lOO hours of insomnia, 
in surgical shock, in strong fear, in exhaustion from fighting, in pep- 
tone injections, in acute infections, the suprarenal glands undergo 
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histological changes characteristic of exhaustion. Alkalies cause 
suprarenal changes, but acids do not. 

We have shown that brain and suprarenal activity go hand in 
hand — that is, that the suprarenal secretion activates the brain, and 
that the brain activates the suprarenals. The fundamental que.stion 
which now arises is this; Are the brain and the suprarenals inter- 
dependent? A positive answer may be given to this question, for 
the evidence of the dependence of the brain upon the suprarenals is 
as clear as is the evidence of the dependence of the suprarenals upon 
the brain, (i) After excision of the suprarenals, the brain-cells 
undergo continuous histological and functional deterioration until 
death. During this time the brain progressively loses its power to 
respond to stimuli and there is also a progressive loss of muscular 
power and a diminution of body temperature. (2) In our crossed 
circulation experiments we found that adrenalin alone could cause 
increased brain activit}', while histologically we know that adrenalin 
alone causes an increase of the Xissl substance. .An animal both of 
whose suprarenals had been excised sliowed no hyperchromatism in 
the brain-cells after the injection of strychnin, of toxins, of foreign 
proteins, etc. I3) \\'ben the suprarenal nerve supply was divided 
(Cannon-Hlliott ) , then there was no increased suprarenal activit\ in 
response to adequate stimuli. 

From these studies wc are forced to conclude not only that the 
brain and suprarenals are interdcijcndent. but that tlie brain is ac- 
tually more dependent upon the suprarenals than the suprarenals 
upon the brain, since the brain deteriorates progressively to death 
without the suprarenals, while the suprarenaL whose connecti' ui with 
the brain has been broken by the division of their nerve supplv will 
still produce sufficient adrenalin to support life. 

From the strong affinity of the brain-cells for adrenalin which 
was manifested in our experiments, we may >trongly suspect that 
the A'issl substance is a volatile, extremely unstable combination of 
certain elements of the brain-cells and adrenalin because the supra- 
renal glands alone do not take the Xissl stain and the brain deprived 
of adrenalin does not take Xissl stain. The consumption of the Xissl 
substance in the brain-cells is lessened or prevented by morpliin as is 
the output of adrenalin ; and the consumption of the X'issI substance 
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is also lessened or prevented by nitrous oxid. But morphin does not 
prevent the action of adrenalin injected into the circulation, hence the 
control of morphin over energy expenditure is exerted directly on 
the brain-cells. Apparently morphin and nitrous oxid both act 
through this interference with oxidation in the brain. \\'e, therefore, 
conclude that within a certain range of acidit}' of the blood adrenalin 
can unite with the brain-cells only through the mediation of oxygen, 
and that the combination of adrenalin, oxygen, and certain brain- 
cell constituents causes the electric discharge that produces heat and 
motion. In this interrelation of the brain and the suprarenab, we 
have what is perhaps the master key to the automatic action of the 
body. Through the special senses environmental stimuli reach the 
brain and cause it to liberate energy which in turn activates certain 
other organs and tissues, among which are the suprarenal glands. 
The increased output of adrenalin activates the brain to still greater 
activity, as a result of tvhich again the entire sympathetic nervous 
system is further activated, as is manifested b\' increased heart action, 
more rapid respiration, raised blood-pressure, increased output of 
glycogen, increased power of the muscles to metabolize glucose, etc. 

If this conclusion is well founded, we should find corroborative 
evidence in histologic changes in that great store-house of potential 
energy, the liver, as a result of the application of each of the ade- 
ciuate stimuli which produced brain-cell and suprarenal changes. 

The Liver. 

Prolonged insomnia, prolonged physical exertion, infections, in- 
jections of toxins, and of strychnin, rage and fear, physical injury 
under anesthesia, in fact all of the adequate stimuli which affected 
the brain and the suprarenals. produced constant and identical histo- 
logic charyges in the liver — the cells stained poorly, the cytoplasm was 
vacuolated, the nuclei were crenated. the cell membranes were irreg- 
ular, the most marked changes occurring in tlie cells of the periphery 
of the lobules. In prolonged insomnia the striking changes in the 
liver were repaired by one seance of sleep. 

Are the histologic changes in the liver cells due to metabolism or 
toxic products or arc they “ work " changes incident to the conversion 
of latent into kinetic energy? Are the brain, suprarenals and liver 
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interdependent? The iolluwiiig facts establish the answers to these 
queries ; 

1. The duration of hie after excision of the liver is about the 
same as after adrenalectomy — approximately eighteen hours. 

2. The amount of glycogen in the liver was diminished in all of 
the experiments showing brain-suprarenal activity ; and when the 
histologic changes were repaired, the normal amount of glycogen -was 
again found. 

3. In crossed circulation experiments changes were found in the 
liver of the animal whose brain received the stimulus. 

From these premises we must consider that the brain, the supra- 
renals, and the liver are mutually dependent on each other for the 
conversion of latent into kinetic energy. Each is a vital organ — each 
ecptally vital. It may be said that excision of the brain may ap- 
parently cause death in less time than excision of the liver or supra- 
renals, but this statement must be modified by our definition of death. 
If all the brain of an animal be removed b_\ decapitation, its body 
may live on for at least eleven hours if its circulation be maintained 
by transfusion. An animal may live tor weeks or months after ex- 
cision of the cerebral hemispheres and tlie cerebellum, while an over- 
transfused animal may live man_v heturs, for days, even after the 
destruction of the medulla. It is pos.^iide even that the brain actuallv 
is a less vital organ than eitlicr the jupraretials or the liver. 

In our research to discover whether any other organ- should bo 
included with the brain, the -uprarenals and the liver in this mutu- 
ally interdependent relation, wc hit upon an experiment w hich throws 
light upon this problem. 

Groups of rabbits were gently kept awake for 100 hours bv rclavs 
of students, — an experiment which steadily withdrew energv but 
caused not the slightest physical or emotional injurv to an\' of them; 
no drug, toxin, 01 other agent was given to them ; thev were given 
sufficient food and drink. In brief, the internal and external envi- 
ronments of these animals were kept otherwise normal excepting for 
the gentle stimuli whicli ensured continued wakefulness. This pro- 
tracted insomnia gradually exhausted tlie animals complcteh’. some 
to the point of death e\eii. Some of the surviviir.s were killed im- 
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mediately after the expiration of loo hours of wakefulness, others 
after varying intervals. 

Histological studies were made of every tissue and organ in the 
body. Three organs, the brain, the suprareiials, and the liver, and 
these three only showed histologic changes. In these three organs 
the histologic changes were marked, and were almost wholly repaired 
by one seance of sleep. In each instance these histologic changes 
were identical with those seen after phvsical exertion, emotions, 
toxins, etc. It would appear, then, that tliese three organs take the 
stress of life — the brain is the battery, the suprareiials the oxidizer, 
and the liver the gasoline tank. Tlie clear-cut insomnia experiment 
corresponds precisely with our other brain-suprarenal observations. 

With these three kinetic organs we may surely associate also the 
" furnace,” the muscles in wliich the energy provided by the brain, 
suprarenals and liver, plus oxygen, is fabricated into heat and motion. 

Benedict in his monumental work on metabolism has demonstrated 
that in the normal state, at least, variations in the heart beat parallel 
variations in metabolism. He and others liave shown that all energy 
of the bod_v, whether evidenced by heat or by motion, is produced in 
the muscles. In the muscles then, we find the fourth vital link in the 
kinetic chain. The muscles move the body, circulate the blood, 
effect respiration, and govern the body temperature. They are the 
passive servants of the brain-suprarenal-liver syndrome. 

Neither the brain, the suprarenals. the liver, nor the muscles, 
however, nor all of these together, have the power to change the rate 
of the expenditure of energy ; to make possible the increased ex- 
penditure in adolescence, in pregnancy, in courting and inaiing, in 
infections. No one of these organs, nor all of them together, can 
act as a pacemaker or sensitizer. The brain acts innnediateh' in 
response to the stimuli of the moment; the suprarenals respond in- 
stantly to the fickle brain and the effects of their actions are fleeting ; 
the liver contains fuel only and cannot activate, and the muscles in 
turn act as the great furnace, in which the final transformation into 
available energy is made. 

Another organ — the thyroid — has the special power of govern- 
ing the rate of discharge of energy; in other words, the thyroid is 
the pace-maker. I*n fortunately, the thyroid cannot be studied to 
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advantage either functionally or histologically, for there is as yet no 
available test for thyroidism in the blood as there is for adrenalin, 
and thyroid activity is not attended by striking histologic changes. 
Therefore the only laboratory studies which have been saii-factory 
thus far are those by which the iodin content of the thyroid has been 
established. Iodin is stored in the colloid lacunte of the thvroid and 
in combination with certain proteins is the active agent of the thvroid. 

Beebe has shown that electrical stimulation of the nerve supply 
of the thyroid diminishes the amount of iodin which it contains and 
it is known that in the hyperactive thyroid in Graves' disease the 
iodin content is diminished. T!ie meagerness of laboratory studies, 
however, is amply compensated by the observations which the sur- 
geon has been able to make on a vast scale — observations which are 
as definite as are the result' of laborati:)ry experiments. 

The TiivRoin. 

The brain-cells and the suprarenal glands are securely concealed 
from the eye of the clinician, hence the changes produced in them bv 
different causes escape his notice, but the thyroid has alwavs been 
closely scrutinized by him. llie clinician knows that every one of 
the above mentioned causes of increased brain-cell, suprarenal, liver 
and muscle activity may cause an increase in the activity of both the 
normal or the enlarged thyroid ; and he knows only too well that in 
a given case of exophthalmic goiter, the same stimuli which excite 
the brain, the suprarenals, the liver, and the musclc' to increased 
activity will also aggravate this disease. 

The function of the thyroid in the kinetic chain is best evidenced, 
how e\ er, b} its role in the production of fever. Fever results from 
the administration of thyroid extract alone in large doses. In the 
hyper-activity of the thyroid in exophthalmic goiter, one sees a 
marked tendency to fever : in severe cases there is daily fever. In 
fact, in Gra\e= disease we find displayed to an extraordiiiarv degree 
an exaggeration of the whole action of the kinetic mechanism. 

e ha\ e stated that in acute Graves disea.se there is a tendency' 
to the production of spontaneous fever, and that there is a magnified 
diurnal variation in temperature which is due to an increased output 
of energ\ in c\en the normal reaction producing consciousness. In 
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Graves' disease t'lere is, therefore, a state of intensified conscious- 
ness, w hich is associated with low brain thresholds to all stimuli — 
both to stimuli that cause muscular action and to stimuli that cause 
fever. The intensity of the kinetic discharge is seen in the constant 
fine tremor. It is evident that the thresholds of the brain have been 
sensitized. In this hypersensitization we find the following strong 
evidence as to the identity of the various mechanisms for the pro- 
duction of fever. In the state of superlative sensitization which is 
seen in Graves' disease, we find that the stimuli that produce mus- 
cular movement, the stimuli that produce emotional phenomena and 
the stimuli that produce fever are as nearly as can be ascertained 
equally effective. Clinical evidence regarding this point is abundant, 
for in patients with Graves' disease we find that the three types of 
conversion of energ}- resulting from emotional stimulation, from 
nociceptor stimulation ipainf , and from infection stimulation are, 
as nearly as can be judged, equally exaggerated. In the acute cases 
of Graves' disease the explosive conversion of latent energy into heat 
and motion is unexcelled by any other known nonnal or pathological 
phenomenon. E.xcessive thyroid secretion, as in thyrotoxicosis from 
functioning adenomata, and e.xcessive thyroid feeding, cause all the 
phenomena of Graves' disease e.xcept the exophthalmos and the emo- 
tional facies. Ligation of arteries, division of nerve supply and 
excision of part of the gland may reverse the foregoing picture and 
restore the normal condition. The patient notes the effect on the 
second day and often within a week is relatively quiescent. On the 
contrary if there is thyroid deficiency there is the opposite state, 
a reptilian sluggishness. 

.\t will, then, through diminished, normal or e.xcessive adminis- 
tration of thyroid secretion, we may produce an adynamic, a normal, 
or an excessively dynamic state. By the thyroid influence, the brain 
thresholds are lowered and life becomes exquisite ; without its in- 
fluence the brain becomes a globe of relatively inert substance. Ex- 
cessive doses of iodin alone cause most of the symptoms of Graves’ 
disease. The active constituent of the thyroid is iodin in a special 
protein combination. Thus is stored in the colloidal spaces. Hence 
one would not expect to find changes in the cells of the thyroid gland 
as a result of increased activity unless it be prolonged. 
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We have thus far considered the normal roles played by the brain, 
the suprarenals, the liver, the muscles and the th_\ roid in transform- 
ing latent into kinetic energy in the form of heat and motion as an 
adaptive response to environmental stimuli. 

The argument may be strengthened, however, by the discussion 
of the effect of the impairment of any of these links in the kinetic 
chain upon the conversion of latent into kinetic energy. 

Effect Upon the Output of Exekgv of LMrAiKUD ok Lost Fuxe- 
Tiox OF Each of the Sever.vl Links ix the 
Kixetic Ch.vix. 

1. The Brain: Cerebral soitcnimj . — In cerebral softening we 
may find all the organs of the body comparatively healthy excepting 
the brain. As the brain is physically impaired it cannot normally 
stimulate other organs to the conversion of latent energy into heat 
or into motion, but on the contrary in these cases we find feeble mus- 
cular and intellectual power. I believe abn we find that in patients 
with cerebral softening, infections such as [nicuniunia show a lower 
temperature range than in patients who-e brains are normal. 

2 . The Suprarenals . — In such destructive lesions of the supra- 
renal glands as Addisons disease one of the cardinal simptoms is a 
subnormal temperature and impaired muscular power, .\nimals upon 
whom double adrenalectomy has been perfi.irnied show a striking 
fall in temperature, muscular weakness— after adrenalectomy the 
animal mat not be able to stand even — and progressive clirt'anato- 
lysis. The significance of the last will be pointed out later. 

3- The Tisii. When the function of the liver is impaired by 
tumors, cirrhosis, or degeneration of the liver itself, then the entire 
energ_\ of the bod_\ is con espondingly diminished. This diminution 
of energi is c\idenced b_\ muscular and mental wetikness. bv dimin- 
ished response and by a gradual h.s-^ of efficiency which finally 
reaches the state of asthenia. 

4- The HTuslIcs. It has been observed clinically that if the 
muscles are impaired by long disuse, or by a disease such as myas- 
thenia gravis, then the range of production of both heat and motion 
is below normal. This is in .agreement with the experimental find- 
ings that anesthetics, curare, or any break in the muscle-brain con- 
nection causes diminished muscular and heat production. 
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5. The Thyroid . — In myxedema one of the cardinal symptoms is 
a persistently subnormal temperature and though prone to infection, 
subjects of myxedema show but feeble febrile response and readily 
succumb. This clinical observation is strikingly confirmed by labo- 
ratory observations : normal rabbits subjected to fear showed a rise 
in temperature of from one to three degrees while two rabbits whose 
thyroids had been previously removed and who had then been sub- 
jected to fright showed much less febrile response. IMyxedema sub- 
jects show a loss of physical and mental energy which is proportional 
to the lack of thyroid. Deficiency in any of the organs of the kinetic 
chain causes alike loss of heat, loss of muscular and emotional action, 
of mental power and of the power of combating infections — the 
negative evidence thus strongly supports the positive. By accumu- 
lating all the evidence we believe we are justified in associating the 
brain, the suprarenals, the thyroid, the muscles and the liver as vital 
links in the kinetic chain. Other organs play a role undoubtedly, 
though a minor one. If our conclusions arc sound, then in the 
kinetic system we should find an explanation of many diseases, and 
having found an explanation, we may find new metliods of combat- 
ing them. 

Kixetic Dise-xses. 

In the foregoing conclusions we find a simple explanation of 
certain diseases. When the kinetic system is driven at an over- 
whelming rate of speed — as by severe physical injury, by intense 
emotional excitation, by perforation of the intestines, by the pointing 
of an abcess into new territory, by the sudden onset of an infectious 
disease, by an overdose of strychnin, by a Alarathon race, by a grill- 
ing fight, by foreign proteins, by anaphylaxis, — the result of these 
acute overwhelming activations of the kinetic system is clinically 
designated shock, and according to the cause is called traumatic 
shock, toxic shock, anaphylactic shock, drug shock, etc. 

The essential pathology of shock is identical whatever the cause. 
If, however, instead of an intense overwhelming activation, the ki- 
netic system is continuously or intermittently overstimulated through 
a considerable period of time, as long as each of the links in the 
kinetic chain takes the strain equally the result will be excessive 
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energy conversion, excessive work done; but usually, uniler stress, 
some one link in the chain is unable to take the strain a-.id then the 
evenly balanced work of the several organs of the kinetic svstem is 
disturbed. If the brain cannot endure this strain, then neurasthenia, 
nerve exhaustion, or even insanity follows. If the thvroid cannot 
endure the strain it undergoes h\ perplasia. which in turn mav result 
in a colloid goiter or in exophthalmic goiter. If the suprarenals can- 
not endure the strain, cardiovascular disease mav d.evelop. If the 
liver cannot take the strain then death from acute acidosis mav fol- 
low, or if the neutralizing ettect of the liver is onlv partiallv lost, 
then the acidity may cause Bright's disease. Over-activation of the 
kinetic system may cause glycosuria and diabetes. 

Identical physical and functional changes in the organs of the 
kinetic system may result from intense continued stimulation from 
any of the following causes, excessive physical labor, athletic exer- 
cise. worry or anxiety, intestinal auto-intoxication, chronic infections 
such as oral sepsis, tonsillitis and adenoids; chronic appendicitis, 
chronic cholecystitis, colitis, and skin infections ; the excessive in- 
take of protein food (foreign protein reaction); emotional strain, 
pregnancy, stress of bnsinos of professional life — all of which are 
known to be activators of the kinetic svstem. 

From the foregoing statements we are able to understand the mus- 
cular weakness following fever; we can understand whv the senile 
have neither muscular power nor .-trong febrile reaction ; why long- 
continued infections produce patholo.gic changes in the organs con- 
stituting the kinetic chain, \\h\ the same pathologic changes result 
from various forms of activation of the kinetic system. In this 
hspothesis e hiid a rea^'Cn why cardiovascular disease may be 
caused by chronic infection, by auto-intoxicaliun, by overwork, or by 
emotional excitation. We now see that the reason whv we find so 
much difficulty in differentiating the numerous acute infections from 
each other is becau.se they play upon the same kinetic chain. Our 
postulate harmonizes the pathological democracy of the kinetic 
organs, for it explains not only why in many di-eases the patholog- 
ical changes in these organs are identical, but whv the same changis 
are seen as the result of emotional strain and overwork. We can 
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thus understand how either emotional strain or acute or chronic in- 
fection may cause either exophthalmic goiter or cardiovascular 
disease: how chronic intestinal stasis with the resultant absorption 
of toxins may cause cardiovascular disease ; neurasthenia or goiter. 
Here is found an explanation of the phenomena of shock, whether 
the shock be the result of toxins, of infection, of foreign proteins, of 
anaphylaxis, of psychic stimuli, or of a surgical operation with its 
combination of both psychical and traumatic elements. 

This conception of the kinetic system has stood a crucial test by 
making possible the shockless surgical operation. It has offered a 
plausible explanation of the cause and the treatment of Graves’ 
disease. Will this kinetic theory stand also the clinical test of con- 
trolling that protean disease bred in the midst of the stress of our 
present-day life? Present-day life, in which one must ever have 
one hand on the sword and the other on the throttle, is a constant 
stimulus of the kinetic system. The force of these kinetic stimuli 
may be lessened at the cerebral link by intelligent control — a pro- 
tective control is empirically attained by many of the most successful 
men. The force of the kinetic stimuli may be broken at the thyroid 
link by dividing the nerve supply, reducing the blood supply, or by 
partial excision ; or if the suprarenals feel the strain, the stimulating 
force may be broken b}' dividing their nerve supply, reducing the 
blood supply, or by partial excision. Xo theory is worth more than 
its yield in practice, but already we have the shockless operation, the 
surgical treatment of Graves’ disease, the control of shock and the 
acute infection by overwhelming morpliinization. 

COXCLUSIOXS. 

To become adapted to their environment animals are trans- 
formers of energy. This adaptation to environment is made by 
means of a .system of organs evolved for the purpose of converting 
potential energy into heat and motion. The principal organs and 
tissues of this system are the brain, the suprarenals, the thyroid, the 
muscles and the liver. Each is a vital link — each plavs its particular 
role and one caamot compensate for the other. change in anv link 
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of the kinetic chain modifies proportionately the entire kinetic 
system, which is no stronger than its weakest link. 

In this conception we find a possible explanation of many diseases 
— one which may point the way to new and more ettective thera- 
peutic measures than those now at our command. 

CLEt-ELAXD, O.. 

April 23, 1914. 



NEWER ASPECTS AND METHODS IN THE STUDY OF 
THE MECHANISM OF THE HEART-BEAT. 


By ALFRED E. COHX, A.B , M.D. 

(Read April 23, igi4 ) 

The interest now very widespread, in the physiolog}' of the 
heart-beat developed from certain observations which Carlo Mat- 
teucci made some seventy-two years ago, and which he communi- 
cated in 1842 to the Academy at Paris. He established the fact that 
the muscle of a nerve-muscle preparation contracted if its nerve 
were laid across a second muscle which had been made to contract. 
He believed that the stimulus which the nerve received, and which 
it conveyed to its attached muscle was electrical in nature. Thirteen 
years later, in 1855- Kolliker and H. Muller widened the scope of 
^latteucci’s observations by demonstrating in the same way that, if 
the nerve of a similar nerve-muscle preparation were laid across a 
heart, the muscle of the preparation likewise contracted, because, as 
in Matteucci's experiment, a current, called a current of action, was 
discharged from the contracting heart and was conveyed to the 
muscle. 

These discoveries continue to be the primary subjects of experi- 
ment in contemporary studies in the mechanism of the heart-beat. The 
first experiments dealing with action currents were made bv jMar- 
chand, Engelmann. and by Burdon-Sanderson and Page, who used 
a Bernstein rheotome in their investigations, but later the use of the 
capillary electrometer of Lippmann was introduced, especially by 
IMarey, Waller, by Bayliss and Starling. Gotch and others. Marey 
in 1S76 was the first to obtain permanent records of the action cur- 
rents of the heart by photographing the motions of the meniscus of 
the mercury column of the electrometer on a moving sensitive 
surface. This record was a continuous curve in which could be 
distinguished various wave.'i. one of which has been identified as 
synchronous with the contraction of the auricles, the upper chambers 
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of the heart, and certain others with the contraction of the ven- 
tricles. the lower pair of heart chambers. At lirst all records were 
obtained by applying electrodes directly to the surface of the heart 
as it lay exposed in the opened chest, but in [889 Waller showed that 
one could obtain records of these currents by applying suitably con- 
structed electrodes to the surface of the bodv without opening or 
injuring it. This discovery opened the way for studying these currents 
in the human subject. Waller also showed which were favorable and 
which unfavorable locations for placing electrodes, by var} ing the sit- 
uation at which they were applied. From a consideration of records ob- 



Fig. I. After A allcr. To indicate the spread of the cardiac action 
current through the human subject 

tained from a number of positions, now called leads or derivations, he 
determined the location of a plane, on the two sides of which the 
greatest differences in potential were developed (Fig. i). Those 
locations were called favorable which yielded curves showing the 
largest waves, and the records were called electrocardiograms. The 
differences between electrocardiograms taken indircctlv in this way 
and those taken directly from the surface of the heart are ones of 
contour and do not involve the important time relations of the 
various elements composing the curve. 

ith the knowledge that the heart discharged action currents, 
and a method for conducting these from the uninjured surface of 
the body to a registering instrument, the time was ripe for the con- 
struction of a galvanometer better fitted to the purposes of physio- 
logical and medical research. W. Einthoven of Leyden in 1902-6 
described and built this instrument. Its completion at that time was 



I9U-1 


MECHANISM OF THE HEART-BEAT. 


289 


especially fortunate, for fresh discoveries in anatomy and physi- 
ologv were almost simultaneously announced. In the interpretation 
of the significance of these, the galvanometric method of registration 
was especially valuable. 

I ■' 



The principles Einthoven employed were in use in Dcprez- 
D’Arsonval's instrument. From these he de’-eloped formula? which 
formed the basis of the galvanometer he constructed. An instru- 

PROC. .A.MER. PHIL. SOC., LIII, 215, S. PRINTED DEC. II, 1914- 



290 


COHN— STUDY OF THE 


[A:>n; ::3. 

ment built on similar lines for use as an ocean telegraph recorder 
had already been devised by Ader. but of this he was unaware at the 
time. It depends on the principle that a conductor suspended in a 
magnetic field is deflected at right angles to the lines of force when 
a current passes through it. The conductor chosen is usually a 
silvered quartz or platinum thread, 87 to too mm. long, 3 to 6 micra 
thick, having a resistance of 3,000 to 6.000 ohms It is suspended 
vertically between the poles of two powerful electro-magnets 1 Fig. 
2). The thread is illuminated by the rays of an arc light which are 
focused on it by a system of lenses and a substage condensor. To 
accommodate this condensor the pole of one electro-magnet is bored. 
The motions of the string are magnified and projectecl on a record- 
ing photographic surface by a microscope held in a similar bore in 
the pole of the other electro-magnet. The degree of magnification 
may be varied according to the needs of the investigator, but. in 
order to maintain a degree of uniformity in the appearance and in 
the electrical value of curves obtained in different laboratories, cer- 
tain arrangements have become conventional. These include the 
strength of the magnetic field, the tension of the string and its de- 
flection time. The strength of the field depends, of course, on its 
construction. The tension of the string is adjusted in an appropriate 
manner so that a current having tlie value of one millivolt, when 
allowed to pass through it. causes a deflection of i cm. It has been 
found desirable to obtain a deflection of this extent within a definite 
length of time, usually 0.02 seconds or less. When the deflection 
time is longer, certain waves in the electrocardiogram tend to dis- 
appear. 

But in order to obtain an electrocardiogram, more is necessaiy 
than to include an individual in the string circuit. For althoipgh the 
usual cardiac action current does not deflect the string, when it is at 
the prescribed tension, beyond the optical field, the skin or constant 
current, which is also continuously discharged from the body, and 
which is composed of the summed discharges from the other elec- 
trically active tissues of the organism, may do so, and it is usually 
sufficiently great to deflect the string far beyond the field of the 
microscope. This current docs not show the rapid chan,ges o f potential 
difference that the action current fnnn the heart does. On the 
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whole, its strength is uniform and changes so little within small 
limits of time as to render the change negligible. There is conse- 
quently no danger of confusing it with the rapid changes in electrical 
potential which compose the electrocardiogram. In order to keep 
the string in the optical field, from which the constant or skin current 
tends to deflect it, a system of compensation has been found neces- 
sary. This system comprises another source of current, a commu- 
tator and a series of resistances which are introduced into the string- 
heart circuit. The action current to be recorded, and with it the 
constant current, are permitted by a shunt to pass through the string 
in increasing amounts, so enabling one to allow a .'ufficient electro- 
motive force of opposite polarity to the skin current to enter the 
circuit. Compensation in routine e.xaminations becomes a simple 
procedure. To complete the records, a time curve and a millimeter 
scale are photographed on the record. 

The most fruitful method of intxAtigating the identitv of the 
parts of the electrocardiogram has probably been that of recording 
synchronously on the same curve the electrocardiogram and mechan- 
ical curves representing the motions of the heart. As the result of 
tliese studies, it has been concluded that the contraction of the 
auricles is represented electrically by the P wave, the first wave in 
the cardiac cycle ( Fig. 4 ). while the Waves O. R, S. T. which follow 
it form a group in the electrocardiogram which are associated with 
ventricular activity. The term ventricular activity is purposely 
chosen, for there is as yet no uniformity of opinion in respect to 
designating which ventricular function it is which this comple.x of 
waves represents. Opinion is divided as to whether the complex 
represents the act of conduction, the state of muscular irritabilitv. 
or actual contraction. It is doubtless unprofitable to analvze this 
discussion, and probably (|uite impossible to decide between these 
interpretations now. Of this much one can be certain, that the 
ORST complex does not occur unless the ventricles have been 
seen or known to contract. The significance of the individual waves 
of this group is also still a matter wrapped in doubt. Most writers 
favor the view that the wave O, when present, signifies that the 
earliest ventricular activity has taken place near the apex of the 
heart, that the R wave represents the aS'Umption of predominance 
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by the ventricular base, while Y indicates a return of acti\it} to the 
apex. The significance of the T wave is a hotly disputed point. 
Some hold it to represent the return of activity to the base 01 the 
ventricles in the later part of systole, because of an analogy which is 
drawn between the arterial base of the heart and the distal end of 
the primitive cardiac tube, which is, of course, the last segment to 
become affected by the wave of peristalsis which, passes o\er it. 
The most important arguments against this interesting assumption 
have been supplied by Garten and his pupils, Clement and Erfmann. 
These investigators have all shown that the T wave occurs at the 
same instant of time at all points on the heart's surface, and refer 
its occurrence, as does also Einthoven, to a function inherent in 
muscular contraction. According to these authors, it represents the 
second wave in a current essentially diphasic. Une need scarcely 
point out the fact that its presence simultaneously throughout the 
cardiac surface precludes the possibility of its occurring as the end 
phase of a peristaltic contraction. 

Aside from the auricular representative and the group of waves 
representing ventricular activity, two other portions of an electro- 
cardiographic curve must be described. The less debated of these 
is the portion following the T wave, the isoelectric period between 
the end of T and the beginning of P. It represents the diastole of 
the heart cycle, — from the end of the ventricular to the beginning of 
the next auricular contraction, — the rest period of the heart. The 
other portion is that lying between the wave P and the complex 
ORST; this portion also is usually isoelectric, but occa>ionally, as 
Einthoven has pointed out. its level departs from the base line. It is 
the period which represents the time occupied by the pas,.,age of im- 
pulses from the contracting auricles to the beginning of ventricular 
activity, and is called the conducting period. 

We must now return to consider those other newer asiiects of the 
study of the mechanism of the heart-heat to which I have referred 
in speaking of recent anatomical and physiological contributions. 
Before 1883 the theories held to e.xplain coordination between the 
upper or auricular pair of the cardiac chambers and the lower ven- 
tricular pair consisted principally of an old notion of Haller's to the 
effect that the ventricles contracted in response to stimuli conveyed 
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to them by the act of filling, while others held and some do still that 
coordination between the two pairs rested on a carefully adjusted 
mechanism involving the passage of impulses over nervous channels. 
The need for theories of this sort lay in the fact that no muscular 
connection between the auricles and ventricles was known to exist. 
But in 1883, \V. Gaskell convinced himself that the conduction of 
impulses in the heart must pass over muscular pathways, and Wool- 
dridge and Tigerstedt contributed experiments which pointed to the 



Fig. 3. Ox-heart. Injection with dilute India ink of the bursa-like 
spaces surrounding the left branch of the A-1’ bundle. 


probabdity of Gaskell s contention. Ten vears later (1803) Stanlev 
Kent and His, Jr., actually saw and described a bundle of connecting 
muscular fibers. Since then (i8o3-i«to8) the existence of this struc- 
ture, best called the auriculo-ventricular bundle, has been sufficiently 
confirmed. It passes from the lowest level of the auricles, divides 
into two and supplies a branch to each ventricle fFig. 3). It has a 
peculiar muscular structure. In some specie^ it contains large neural 
elements, but in man and the higher mammals only fine nerve fibrillx 
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are found within it. With the establishment of the fact that the 
auriculo-ventricular bundle po^sessed this mixed structure, discussion 
as to whether conduction was nervous or muscular has gone out of 
fashion. Its essential function consists in conducting impuhes and 
so coordinating the rhythms of the auricle^ and ventricles. To prove 
that it actually performs tliis function, its structure has been de- 
stroyed in experiments. In these the result anticipated was realized ; 
auricles and ventricles continued to beat, each at a rate of its own 
and each in a rhythm without reference to the other. Two other 
facts are known about this bundle; first, that it can conduct impulses 
in a backward direction (from ventricles to auricles ) as well as for- 
wards : and second, that it conducts a little slower, especially at its 
upper terminal, than the rest of the heart muscle, ^^'e shall return 
to a consideration of this structure in relation to electrocardiography. 

In 1906 another structure situated at the junction of the superior 
vena cava and the right auricular appendix was discovered bv Keith 
and Flack. It is a small structure called the sino-auricular node. 
It has a sectional area of 0.3 by o.i cm., and attains a length of from 
2.0 to 3.0 cm. Its existence has been abundantly verified. Like the 
conduction bundle, it also contains large and fine nerve elements. 
The comparative anatomy of both these .'tructures has been traced 
by Ivy Mackenzie and by Kulbs, while the embrtologt- has been 
studied by Professor .Mall. It is the discovery of the^e two struc- 
tures, the sino-auricular node and the auriculo-ventricular system, 
which has added a second new and significant chapter to our store of 
information relating to the mechanism of the heart-beat. 

The sino-auricular node has been recognized as the structure 
which usually initiates impulses for the contraction of the whole 
heart, and at the same time sets and maintains its rate. These prop- 
erties have been attributed to it because excisit^ii or exclusion of the 
node from function reduces the rate of the heart-beat, and some- 
times even stops it. Afterwards it begins gradually to contract 
again, but the original rate is not restored. It can usually be drown 
that another portion of the heart now sets the pace. Other methods 
have been employed to ascertain its functions ; warmth applied to the 
site of the node accelerates the rate of the heart; co(jling slows it. 
Attempts to alter the temperature el.sewhere of the surface Td not 
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have this effect. But more important information still is gained by 
means of the galvanometer. It has been demonstrated that each 
heart-beat begins at the node, because artificial contractions due to 
stimuli applied here yield curves of a shape identical with those re- 
sulting from spontaneous discharges ; similar stimuli applied else- 
where fail of this identity. And finally, the law that the site at which 
contraction begins is primarily negative to other portions of the same 
strip of muscle is valid here. Lewis and Oppenheimer, Wybauw, 
Clement and Sulze have all been able to show that in contraction, 
the site of the node is primarily negative to all other portions of the 
auricular surface. 

\\ e have described the newly discovered structures in the mam- 
malian heart. The function of the sinus node, in so far as it is now 
known, is to initiate impulses for the whole heart and to determine 
their rate ; Lewis has aptly called it the pacemaker. The auriculo- 
ventricular bundle provides for coordination in the complicated 
mechanism of the heart. We must next show how, in the light of 
these structures, the electrocardiogram has been employed in eluci- 
dating the meclianism of the heart-beat. Althought the sinus node 
and the conduction bundle are very small indeed in comparison with 
the size of the whole heart, it is chiefly to these that the attention of 
investigators has been directed, while to the great mass of the organ 
which is charged with the real work of carrying on the circulation, 
very little research has been devoted. Our account of the electro- 
physiology of the heart must, therefore, be necessarily incomplete, 
and incomplete in just the direction in which one had hoped for light, 

• namely, in an attempt to employ electrical estimations as measures 
of the contractile force of the heart. 

io be useful, the first demand of a method is that it give constant 
readings, and observation has shown that the electrocardiogram satis- 
fies this demand, for its waves tend to remain unaltered in shape and 
size. \\ hen they alter, an ascertainable disturbance has in many 
cases been found as the cause. An electrocardiogram is. therefore, 
a reliable record. Its constancy is illustrated in records obtained 
from various classes of animals. They have certain characteristics 
in common, so that one can easily distinguish, for example, electro- 
cardiograms of amphibia from those of the higher mammals. And 
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of the mammals, the species which have been studied, the horse, 
rabbit, cat, dog and man, each shows certain definite characters on the 
basis of which it can be recognized. Einthoven and Lewis and Gil- 
der have studied human electrocardiograms and have defined within 
certain limits the usual form of curves taken from normal persons. 
But differentiation can go further, for the records of individuals have 
been found to differ widely from person to person in health, and 
more widely still in disease. Whatever form, either normal or ab- 
normal, the curve assumes, this remains characteristic for the indi- 
vidual, for a certain length of time at all events, though the records 
be registered by dift'erent instruments and recorded by diff'erent in- 
vestigators. An electrocardiogram may indeed attain a form so 
peculiarly personal that the suggestion has actually been made that it 
be employed to serve the purposes of identification in much the same 
way as the Bertillon system does. W'c may therefore regard the elec- 
trocardiogram as a valid and reliable record. 

A number of the factors which can bring about variations from a 
normal curve are understood. Some of the^c may now be enumer- 
ated. The auricular wave, in the first place, is modified by the nature 
of the derivation or lead used : in this case the most favorable situ- 
ations to employ are usually the two upper extremities, but under 
certain circumstances two points on the chest wall have been found 
preferable. A rare and not altogether satisfactorily established de- 
fect in the auricular mechanism is a lack of synchronicity between 
the contractions of the two auricles. This defect has occasionally 
been found to split the P wave. But the most significant alteration 
occurs when the P wave, instead of being directed upward, the direc- 
tion which in the usual arrangement is associated with primarv nega- 
tivity at the site of the sinus node, is directed downward, an alteration 
which presumably shows that primary negativity has occurred at a 
lower level of the auricles. This change takes place when the sinus 
node is e.xcluded from function, and when another part of the auricle 
sets the pace instead, but it also occurs spontaneously as the result 
of causes, the nature of which is not clear. It has been our good 
fortune to observe on a few occasions a gradual transition from P 
waves directed upward to P waves directed downward ; if the apices 
of succeding P waves in such curves are joined, a curved line results. 
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This very curious phenomenon depends on an obscure mechanism, 
and unfortunately we have no satisfactory explanation for it. We 
know that where we have seen it best, it was associated with acci- 
dental intoxication by the drug digitalis. But we have seen indica- 
tions of it in other connections which render its interpretation im- 
possible with our present knowledge. 

Some of the changes which are observed in the ventricular elec- 
trocardiogram are more easily explained. Considered as a whole, 
that is to say, in the light of the three usual leads of Einthoven (the 
first from the two arms, the second from the right arm and the left 
leg. and the third from the left arm and the left kg'), one obtains 
a great many curves in which the waves in the first lead are inverted, 
and others in which inversion takes place in the third lead. Changes 
such as these result from a variety of causes. A heart which is not 
firmly anchored, but is easily shifted within the chest cavity by 
changes in the position of the body, may yield curves in which in- 
verted waves appear. Comparable changes may result when the 
heart is pushed b}' air or fluid introduced in the chest, or when it 
is pulled to one or the other side by bands of adhesion stretched be- 
tween the heart's surface and the chest wall. The explanation now 
oft'ered for these phenomena by Einthoven and others is that the 
relation, determined by Waller, of the electrical axis of the organ to 
the body axis has become altered. Similar causes are probably at 
work in the electrical changes which are seen in increases in .size of 
the heart, whether due to dilatation of its cavities, or to thickening 
of its walls; and the curves vary according to which side of the organ 
is involved. \\ hen the right side undergoes these changes, it is in 
the fir?t lead that the ventricular waves become negative (.Fig. 4) : 
when it is the left side (Fig. 5), the negative waves appear in the 
third lead. Although alteration in the relation of the electrical axis 
and the body axis is the cause, that is to say, the mechanical, ana- 
tomical cause, commonly given for such deviations from the normal 
curve, it appears necessary to remember that in hypertrophy of the 
heart the balance of the sum of potential dift’erences which produces 
the normal electrocardiogram must be disturbed, and that a rear- 
rangement, that is to say, a functional rearrangement, of the parts 
of this sum must occur and might of course result in the changes we 
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are describing. iMore exaggerated changes still are observed when 
there is no alteration, either in the size or in the position of the 
heart ; and these are due to the manner in which impulses are prop- 
agated to the ventricles from the contracting auricles. The pathway 
followed normally has already been described, but now the normal 
path cannot be taken, for it has been partly destroyed. It has been 
shown that when the conduction bundle to the right ventricle is 
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Fic. 6. Electrocardiogram from a dog. Leads from oesophagus and 
anus. Above ; first portion is a control ; the second is a curve taken after 
the left branch of the A-l' bundle has been cut. Below: control and a curve 
taken after the right branch of the A-l’ bundle has been cut. After Roth- 
berger and Eppinger. 

severed, allowing impulses to reach only the left ventricle, the electro- 
cardiogram immediately takes on another shape, the shape being an 
exaggeration of what occurs during enlargements of the left side of 
the heart. The first ventricular wave is sharp downward and the 
second an upward deflection. If. on the other hand, a similar injury 
is done to the conduction bundle to the right ventricle, there is a re- 
versal of electrocardiographic curve. It consists of a sharp up- 
ward, followed by a downward deflection (Fig O'). Finally, if a 
curve of one or other form has been obtained by cutting one or other 
branch of the conducting bundle, one can, by severing the still unin- 
jured branch, obtain an electrocardiogram which differs from both 
the preceding and resembles, though not exactly, the original curve. 
These changes depend, then, upon the way impulses pass through 
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the heart. An explanation of the nature of these abnormal curves 
is obtained by comparing them with others from hearts to which 
direct mechanical stimuli have been applied. A stimulus to tite left 
side of the heart (ventricle) yields a curve like that seen when the 
right branch of the conducting bundle is cut, while one applied to 
the right side is like the curve seen when the left tract is cut. Under 
both conditions, contraction is initiated at the site of the stimulus, 
and the impulse spreads over the heart from this area. The form 
of the curve yielded depends on whether the right or left ventricle 
initiates the contraction. 

The conduction bundle, then, is an important factor in the orderly 
cardiac mechanism, but, on account of its exposed position in the 
heart, it is frequently injured. The pathway between the auricles 
and the ventricles is, therefore, interrupted and impulses from one to 
the other are consequently blocked. The ventricles, deprived of 
stimuli from above, contract independently and without reference to 
the rate or rhythm of the auricular beats. In the study of derange- 
ments of the cardiac mechanism of this nature, electrocardiography 
has rendered distinct service. 

So far we have discussed the mechanism of the heart-beat onlv in 
so far as it relates to the intrinsic arrangements of the heart. Rut 
for the proper exercise of a number of its functions, the heart is sub- 
jected to the influence of the centra! nervous system. In the studv 
of this influence the galvanometer has been not onlv useful, but 
essential. Branches from the central nervous system to the heart 
exercise functions of two sorts, — inhibitory and accelerator. It has 
beenespecially our work to show that the inhibitory or slowing function 
is not simple and is not possessed equally Iw both vagus nerves. To say 
that the right vagus nerve principally modifies the rate of the heart 
and the left vagus chiefly conduction between its chambers states a 
truth and also indicates the presence of a complicated mechanism 
which may be explained in the following way : The complexity de- 
pends on the fact that the heart was originally an unpaired organ 
with a symmetrically distributed nerve supply. This supply, so far 
as we are infoimed, was directed to the junction between the old 
sinus venosus and the auricles. In the development of the heart, 
a division of the junctional tissue took place; one portion, the right. 




Electrocardiogram from a dog. The upper curve taken during stimulation (signal above) of the right vagus nerve. The lower curve taken during stimulation of the left vagus nerve Divisions of the 
irdinates are o.i millivolt; of the abscissae, 004 .seconds. 
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remained at it^ original level, but became incorporated in the wall 
of the right auricle as the sinus node ; the other portion, the left, 
became dislocated and moved downward the distance of a whole 
chamber, becoming, in the adult mammalian heart, the auriculo- 
ventricular node which lies between the auricles and the ventricles. 
The importance of these changes in position, from the point of view 
of innervation, lies in the fact that the cardiac branches of the two 
vagus nerves, which were distributed symmetricallv in the primitive 
heart, have followed the changed positions of the structures they in- 
nervated originally and have become incorporated with them in tlieir 
new situations. Consequently, the nodes and their nerves have 
assumed different functions. We were led to believe that this change 
must have taken place, first by clinical observation, and we have tested 
this hypothesis by experiment. As the result of experiments on 
many dogs, we were able to decide that when the right vagus nerve 
was electrically stimulated, the heart stopped beating. But when the 
left vagus nerve was stimulated, the auricles did not stop beating, 
but continued, though often at a slower rate. The striking thing 
now observed was that these auricular beats failed, either entirelv or 
only occasionally, of being followed bv a ventricular response 
( Plate II) . 

These were the facts. In tlie light of current teaching, the mo- 
tions of the heart are initiated and rate is maintained bv the sinus 
node. Impulses so initiated are conducted from the auricles to the 
ventricles over the narrow conduction path, with which tve have be- 
come familiar. It follows that, when we find the heart stop as the 
result of a stimulus, we must assume the stimulus to have been dis- 
tributed to that portion of the heart where the pace-making function 
resides, that is to say. at the sinus node. In the same wav. when a dis- 
turbance in coordination between auricles and ventricles occurs, we 
have sufficient evidence to indicate that this occurs as the result of an 
effect produced at the junctional connecting tissues. We must, there- 
fore, conclude that if stimulation of the left nerve brings about this 
disturbance, it must necessarily be distributed to this portion of the 
heart, that is to say, to the conducting system. Although we think 
that these sites, the sino-auricular and the auriculo-ventricular nodes, 
are the main terminals of these nerves, it is clear that other functions 
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are inrluenced at the same time when they are stimulated. We have 
indeed shown that this is the case. But our main concern ha? been 
to obtain information about essential differences ; the likenesses and 
the additional influences exerted will be apparent. In this problem 
again, the galvanometer has been invaluable. On the basis of ordi- 
nary mechanical records, of which we have made manv in the course 
of this work, we could not have drawn the conclusions iu?t detailed. 

Stimulation of the augmentor nerves shows that these have dis- 
tributions similar to those of the inhibitors. Rothberger and Winter- 
berg have contributed these facts. They have shown that stimulation 
of one or other augmentor nerve produces effects which can be re- 
ferred to a modification of the function of the special cardiac tissues 
we have discussed in connection with the inhibitory nerves : and they 
have also shown that other dift'ercuces of an electrocardiographic 
nature take place. 

We have traced, in recording the newer aspects and methods of 
the study of the heart-beat, the influence exerted by the introduction 
of electrical methods. Advances by this method were due in large 
measure to the construction of an adequate galvanometer. But the 
advances in our understanding of the heart have depended on detailed 
anatomical and physiological investigation of the newlv discovered 
structures in the heart itself. How small a portion it is that has 
been studied in relation to the whole heart, and how relatively few 
functions of the efficient organ have been included in the recent in- 
vestigations, has been indicated. Much remains to be clone bv the 
means at our command, but much also by others still to be devised. 

Hospit.w of The RocKr.FEi.i.r.R Ixstitutf. 

FOR Medic.u, Rr,sr...\Rcu, New York. 



THE USE OF A PHOTOGRAPHIC DOUBLET IX CATA- 
LOGLTXG THE POSITIOXS OF STARS. 


By FRAXK SCHLESIXGER. 

( Read A f) il 24. 1914 1 

In order to utilize for cataloguing and for similar purposes the 
positions of stars derived from photographs, it is necessary to know 
the scale of the plates, their orientation and their positions in the 
sky. In the early days of astronomical photography attempts were 
made to determine the scale and the orientation by such methods as 
measuring the absolute focal length of tlie photographing tele- 
scope, and by impressing an orienting star trail upon the plate. 
These attempts have not been successful and it has now become the 
universal practice to employ comparison stars for these purposes : 
that is. stars that appear on the plate with positions known in ad- 
vance. usually through observations with the meridian circle. Here 
again experience has shown that in the determination of star places 
by photography, this matter of conii'arison stars is usually the 
weakest link in the chain. For example, in the case of the Astro- 
graphic Catalogue much of the relatively high precision with which 
the plates can be measured is lost on account of the lack of suitable 
comparison stars. 

An experiment that aims to overcome this difficulty is in progress 
at the Allegheny Observatory. Instead of emploving a simple 
objective to photograph the stars, a doublet lens is used. This has 
the advantage of much greater extent of field of good definition, at 
least six times as great as in the case of the objectives used for the 
Astrographic Catalsgue. Consecjuentlv in surveying any large area 
of the sky, plates taken with the latter kind of telescope will require 
(other things being equal) six times as many comparison stars as 
the doublet. 

The use of the doublet for these purposes was advocated twenty- 
five years ago by Bickering, but astronomers have feared that the 
use of such an objective might introduce serious errors of various 
kinds. The experiments already completed at Allegheny prove that, 
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with proper precautions, these fears are groundless and that this 
form of instrument is admirably adapted for cataloguing purposes. 
The detailed results of these experiments will soon appear as Xo. 9, 
Volume 3 of the “ Publications of the Allegheny Observatory." On 
this occasion it will suffice to give merely the results. 

A number of regions covering about twenty-five square degrees 
each, were photographed in duplicate, first with the center of the 
plate at the center of the region and then with the edge of the plate 
in that position. A comparison of the two sets of positions gives 

o".i8 

as the probable error of the measurement of one image. This 
quantity includes not only the accidental error but the following as 
well: fi) outstanding errors in the measuring engine; ( 2 ') the optical 
distortion of the objective, due to a possible failure of the objective 
to give a truly linear reproduction of the object photographed: ('3') 
magnitude distortion due to spherical aberration and cau.'ing bright 
stars to appear systematically nearer or systematically farther from 
the center than faint stars. The result shows that all of these errors 
are very small, and additional experiments indicate independently 
that ( 2 ) and (3) are negligible or very nearly so. 

Doublets have been extensively used in astronomy for pictorial 
purposes. The doublet that we have used fur the aliove experi- 
ments differs in one important respect from these : the ratio of the 
aperture ^to its focal length is twenty-one instead of five or six 
This circumstance is favorable to its performance over a wide field 
and is doubtless responsible fur the smallness of the optical and the 
magnitude distortions. 

Our objective covers well a held of twentv-five square de.grees, 
as compared with four square degrees in the case of the plates for 
the Astrographic Catalogue. For the latter, as already stated, six 
times as many comparison stars would be necessary in a large piece 
of work in order to determine the plate constants equallv well. The 
scale of the astrographic plates is a little more than double that of 
ours, and the purely accidental error of measurement i,■^ therefore 
somewhat smaller, but not as much smaller as this difference in scale 
would imph . In practice, so much of the accuraev of photographic 
positions depends upon the comparison stars, that if a large area 
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were to be surveyed with both instruments and the same comparison 
stars were used in the two cases, our doublet would give the more 
accurate results. If there were at hand in some special case com- 
parison stars that are much superior in number and in accuracy to 
those that are generally available, then the astrographic plates would 
give the better positions. Xeedless to say, a doublet like ours with 
twice its aperture and twice its focal length would give still better 
results, but this would necessitate plates about 35 centimeters square 
and a measuring engine large enough to accommodate them. 

Our objective would also be well adapted for compiling zone 
catalogues of faint stars similar to those of the Astronouiische 
Gesellschaft. The latter now extend from 80° north declination to 
18° south, a work that has required the cooperation of sixteen ob- 
servatories during a considerable number of years. Observations 
are in progress that will extend this catalogue farther south, but no 
provision has }'et been made for the southernmost zones. When 
these come to be actively considered, the claims for the doublet 
should be carefully weighed. The original plans for the Gesell- 
schaft Catalogue included the repetition of the observations after 
the lapse of about half a century. This time is now approaching in 
the case of some of the northern zones, though others (notably the 
one between 70° and 75°) are of more recent origin. The repeti- 
tion of all the northern zones, if carried out photographically by 
means of a doublet, would be a task well within the powers of a 
single observatory. ^Moreover there would be a very considerable 
gain in accuracy. From the prefaces to the various zones of the 
Gesellschaft Catalogue we learn that the probable error of one 
observation in either right ascension or declination is on the aver- 
age well over o".50. This was derived from observations made 
with the same telescope on different nights, and does not include 
certain errors that would be brought out by comparing observations 
made at different observatories. Our plates yield for the probable 
error of one observation, o".i8. This was obtained by comparing 
overlapping plates, but it does not include errors due to inaccuracies 
in the positions of comparison stars. 

Although the tests we have made with our doublet may be ac- 
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cepted as indicating the size of accidental errors and of certain kinds 
of systematic error, it cannot be claimed that they tell the whole 
story. To make certain that star places thus derived are free from 
serious systematic error of any kind, would retpiire much more obser- 
vational material and would involve certain extensive intercompari- 
sons as well as comparisons with star positions derived by wholly 
different methods. Such a work is contemplated at Allegheny and 
is in fact well under way. The zone extending from declination 2° 
north to 2° 10' south is being photographed in duplicate, the centers 
of one set of plates being upon the eastern or western edges 
of the other. Each plate will embrace 24 minutes in right ascen- 
sion or 6° ; the program at the telescope therefore calls for 120 
plates. To determine the plate constants 602 comparison stars will 
be employed, an average of ten on a plate. The mean of the two 
positions for each catalogue star will therefore depend upon about 
fifteen comparison stars. Thanks to the courtesy and cooperation 
of Director Campbell and Professor Tucker of the Lick Observatory, 
the positions of these 602 stars are being determined with the merid- 
ian circle of that institution. 

Within the limits of declination selected we are measuring the 
positions of all the stars that appear in the three Gesellschaft zones 
that overlap. The observing list for the latter was made up of the 
stars that are designated with ('visual) magnitudes 9.0 or brighter in 
the Pionn Durchmusterung. and as many fainter stars as circum- 
stances permitted. In our work wc shall necessarily omit a few 
stars that are photographically faint by reason of their color, a 
few stars that are so bright as to present images too large for ac- 
curate bisection, and a few doubles that are too close for separation 
on plates of this small scale. IMaking allowance for these omissions 
the completed catalogue will contain about 7.100 stars. It is hoped 
that this work may not only prove a valuable contribution to our 
knowledge of the positions and motions of faint stars, but that it 
may enable astronomers to decide definitely as to the advantages and 
disadvantages of this form of instrument fiDr the wider applications 
of the same kind that the future will demand. 
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SOME OBSERA’ATIOXS OX THE PSYCHOLOGY OF 
JURORS AXD JURIES. 


Bv BATTERSOX DuBOIS. 

{Rctid .tl’i'i! WSJ.) 

Interpretation is the crux of science and the chief point of fail- 
ure in scientific men. When concerned with human behavior it 
reaches the most .subtle nicety — a kind of nicety, indeed, which pro- 
jects far beyond the helping hand of instruments of precision or 
mathematical formula. Human interpretation is the pivot of human 
intercourse. 

Under the prescriptions of our common jurisprudence the verdict 
of a court jury is mainly a resultant of many subconscious forces 
and unseen influences. Standing obviously to reason, this needs no 
demonstration. Comparatively little of “ the evidence " admitted 
by the court during the trial and little of the pleading operates di- 
rectly upon the mind of the jury — even though, paradoxically, with- 
out these there could be no trial. 

It is no part of this paper to attempt the impossible task of un- 
ravelling the real or probable complex of jiast exiteriences. prej- 
udices. emotions, misunderstandings or logical balances of judg- 
ment affecting the minds of the jurors. 

Chiefly, it is limited to the proposition that, so far as the juror 
is concerned, court discipline tends to diminish rather than to increase, 
and to hamper rather than to facilitate his efficiency as an agency of 
justice. In other words, the conscientious juryman of good aver- 
age efjuipment goes handicapped to his task largely because he is 
in subjection to an iron rule which takes no note of his individuality 
of fitness or unfitness, distress or ease, or of other personal and court 
conditions which themselves condition his judiciality. The problem 
is largelv one of attitudes — a comparative!}' neglectetl field in pure 
or applied psychology. 

The court takes cognizance of certain classes of influences likely 

307 



308 


DUBOIS— OBSERVATIOXS OX THE 


[April 23 , 


to affect the jury mind, giving way to some and aiming to suppress 
others that tend to prejudice and disturb the ec|uanimity which makes 
for justice. But the main thesis here is that there are other and 
subtler influences which are often a still greater menace to justice 
and that there is little thought of reducing them to a minimum. 

INIanifestly, this should be the first consideration — just as the 
reduction of friction and of waste effort are of prime importance 
to the mechanist. Similarly, a business recjuiring so much personal 
sacrifice, such delicate mental balance coupled with resolute and 
courageous control, such openness to conviction without the weak- 
ness of hasty consent, — such a business should be carried on under 
the most favorable conditions instead of under conditions tending to 
defeat the desired ends. 

In his delicate and often vital responsibilities everything should, 
as far as possible, conspire toward the best use of the juror’s morally 
controlled intellectual judgment, whereas this judgment is subjected 
to an automatic conspiracy of obstacles, infirmities, and irritants. 
He is expected to be, and, in my experience, generally wants to be, 
free of all forms of bias for whicli the challenging attorneys take 
little thought. The juror, indeed, is in no small degree a marionette 
of which his subconscious self holds tlie controlling wires while the 
whole inherited system of trial by so-called peers is the grinning in- 
stigator. And the marionette is seldom wholly self-respecting. 

All the way down from the earliest English times when witnesses 
were jurors and jurors were witnc.sses, gathering their own testi- 
mony and acting on their own knowledge, there have been many 
modifications of the jury system and diverse views as to its value. 

The juror s office is, in some respects, the most ironical and 
paradoxical in the whole range of human service. Its requirements 
are those of a learned profession with demands of extraordinary 
versatility. The profession is to be followed by the individual for 
a very brief period with uncompensating “compensation” (often 
at an actual loss to the juror.) Yet the juror is so hedged about, 
officially suppressed and oppressed that the opportunity for initiative, 
the value of his knowledge, and the freedom of his judgment are 
reduced to the minimum instead of being eniploved at their maxi- 
mum. He is, in effect, both puppet and prisoner. 
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I am especially considering the juror of the more intelligent and 
selected class. As a rule, he admits that jury service, in spite of its 
drawbacks, is educationally profitable and often interesting. He 
nteans that his duty shall be conscientiously performed. He is 
sensitive about sitting in judgment upon his fellows — for he knows 
his own liability to appear at any time as plaintitt or as defendant. 

Yet withal, he is asked to swim with a stone on his neck, to be 
agile in a straight- jacket, to be patiently complaisant in duress — 
a mental Blondin in hobbles. 

His bristles begin to rise, when, in his own home, the summons 
is served with a threat. The “ law ” first greets him with flashing 
eye and teeth uncovered. The more conscientious and honorable 
the man the more offensive appears the attitude of his legalized 
captor. 

In the United States courts this summons may compel the victim 
to attend court fifty or a hundred miles away. He may live on a 
branch road where train service is such that he could not go and 
come every day. Even if he could, he would be out of pocket since 
the fee is insufficient to pay the passage. This condition may re- 
quire the juror to he absent for a week at a time from his business, 
or from a sick wife, virtually without compensation and really with- 
out assurance of release in emergency. How can a map's judgment 
be at its best under such circumstances? 

In any case, whether he lives far or near, the average man on 
receiving notification that he is wanted is, for the moment at least, 
disconcerted or timorous. Before him rises the giant of business 
demands, home dependents, personal physical disabilities or patho- 
logical possibilties, a sense of being penalized, of loss of freedom 
without cause, a danger of " contempt ’’ through sheer ignorance and 
inexperience, a vision of all-night incarceration with uncongenial 
strangers, perhaps sickness in his family unwaited upon and beyond 
communication with him. I doubt whedier any jury panel is ever 
drawn entirely free from some or all of these mental perturbations 
in some or all of the individuals. They are, however, especially 
true of the first-time juror. To add to his discomfiture his neighbors 
either pity his plight or make a jest of it or advise his making an 
effort to get excused. I have talked with two classes of drawn 
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men. One never expects to serve if release is possible, another 
chafes under his weary durance yet says that he ought and means 
to serve if possible. 

Once in the traces and more or less accustomed to the routine 
the first pressure of the screws is less felt. But. none the less, the 
juror has a mind and a body. He does not forget that he was born 
a freeman nor that he is absent from farm or store or office. The 
delays, the wearisome reiterations and professional fencing, the in- 
terruptions and general unbusinesslike pace of procedure are at his 
cost. They irritate and disgust. 

l\'hen the juror is drawn from the “ panel " to serve on a particu- 
lar case he is ordered into his seat with pretty much the same show 
of authority and sense of subjection as he sees when the accused 
defendant is policed into his presence. In an interesting reminiscence 
of long and varied jury experience published in a magazine article 
some years ago Mr. Joseph Hornor Coates speaks deprecatingly of 
these indignities : 

‘'The juryman from his first entrance in re<pon'e to the court's peremp- 
tor>’ summons finds little in Its treatment to imiiress him with an idea of 
special dignity in his position. e\en if he has no overt cause of compliant 
He is herded with his fellows, ordered about by the tipstates or bailiffs of 
court, addressed in pereinjitory tones .... He sits in the court room with 
an ever-preScnt sense if he be -en-itite, that he mtut bo careful iint to get 
into trouble; the feeling of liberty is gone, he i' eiixeloped in an atmo'pherc 
of restraint. Really, he u placed more on an equ.aluy with the ]iri'Oner at the 
bar than with the judge on the bench, yet he is as essentially a part of the 
court as that august potentate and may hate at any time a greater rcsiionsi- 
bility imposed upon him In some court rooms when disengaged from the 
actual trial of any case and awaiting summons to the jury-ho.x, the juror is 
often forced to sit among cnmmals, witne'se', loafers and ill-smelling per- 
sons attracted to the court by business or curiosity." 

While the average jurur resents these low estimates of his office 
he does not, perhaits, fully realize how his own judicial faculty is 
lowered by his lowered estimate of the court as an institution. He 
becomes critical and dislikes being party to the svstem. 

The juror's disjtosition to criticize the svstem (rather than 
court ofircers themselves, for the officers naturallv fall into the formal 
bondage of a system ) increases through the meanderings of the trial, 
— the surplussage, the objecting attorney, the lust for filing ex- 
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ceptions, the hectoring and heckling of witnesses, the muteness of 
the jury itself, and finally the mistrust of its honor in locking it up 
to reach an agreement — not always real but formal — all these in- 
cite the sensitive and the honorable mind especially to secret rebel- 
lion against the system. This state of mind cannot but endanger 
verdicts. 

There are other influences of entirely conscious and purposive 
kind which affect verdicts too. Thus, in the jury's deliberations 
under lock and key a juryman will openly confess that he will not 
vote to acquit a negro prisoner because he is a negro : or he will 
stand by a chauffer in a suit for damages because he himself drives 
an automobile; or he is moved by fear of the judge to decide against 
what he has ordered or what he believes to be the judge's opinion; 
or he is politically afraid ; or he dislikes to be the target of ten or 
eleven others: or he wants to go home, to take the next and last 
train, perhaps, to avoid another night at a hotel : or he cannot under- 
stand the case — its technical terms, its arithmetic, its alternatives, 
its fine-spun distinctions, some of which are purely technical and 
have no direct bearing on justice. 

But while some of these influences arise directly out of the 
system and are corrigible they are mostly more obvious and overt 
than the subconscious causes of mental sway, arising immediately 
out of juridical prescription and attitude. Some of these have 
already been noted. Timidity, restraint, sense of personal loss, per- 
sonal discomfort, offensive environment and treatment, worry over 
private troubles caused in part by ab,^ence from home or business 
— all of these affect the balances of a sensitive mind ami are in a 
large measure corrigilfle. The implication that as a juror one can- 
not be trusted to come and go while the judge and the witnesses and 
attorneys are free hurts a sensitive mind and excites a rebellious 
spirit. 

In fact, the wearisome reiterations in the examination and cross- 
examination of witnesses, the time consumed in legal fencing, the 
objecting and excepting, sometimes give the juror a sense of being 
unfairly exploited for the gain of attorneys rather than for the 
settlement of real difficulties. Juries are jealous of their time and 
personal freedom ; so surplus verbiage and legal loquacity irritate to 
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the extent of damaging a cause — for it is a fact that a verdict or a 
disagreement is not seldom a slap at a lawyer's course. iMany a 
case is undone by overdoing. This is a hard lesson for lawyers to 
learn. In his reminiscences of a long life at the bar Theron G. 
Strong { The Outlook) notes this danger of time-wasting excess and 
overdoing. He says : 

" The man who can say the most good sense and sound law in the shortest 
time has a decided advantage. Juries are not much influenced by outbursts 
of eloquence, and appellate tribunals will not tolerate them. A tired and 
yawning jury will not be likely to take the most favorable view of an 
advocate's case, and when the attention of an appellate tribunal is lost and 
the judges begin to converse in whispers or bury themselves in the record, the 
oral argument is little more than a waste of time. When you have lost at- 
tention, you have probably lost your case. Juries and judges have become 
so accustomed to business-like methods that they appreciate a simple and 
clear presentation of the essential facts, each argument in its support clearly- 
stated in a few well-conceived sentences, with no baitings and no revertings 
to things inadvertently omitted, no fumbling of documents, and no reading 
from authorities , , , . 

“ One of the most important arts of the court lawyer is to know when to 
keep still, and be able to exercise the self-command to do so. Many a case 
has been won by paying due regard to the attitude of the judge when he 
essays to combat the views of opposing counsel. The lawyer is indeed want- 
ing in tact and discretion who then assumes any other role than that of a 
spectator of the proceedings. By all means let the judge do your arguing 
for you if he is so inclined, and if in this way he indicates that he is favorably- 
disposed it is folly to attempt to reinforce his views; even though they could 
probably be reinforced to advantage, they do not need reinforcement so long 
as he adheres to them. The moment the court appears favorably inclined 
to your side of the case is the time to preserve discreet silence. This is 
equally true with juries, and if in the course of the trial there is the slightest 
leaning in your favor, then is the time to do a.s little as possible by objections 
or long cross-examinations, whwh can only have a tendency to lead the court 
and jury to think that you consider it necessary to strengthen your case when 
it needs no strengthening, the only effect being to counteract the favorable 
impression that has been made. Many a case has been spoiled by an inability 
to recognize the appropriate time to say nothing ” 

I quote this at some length because few lawyers are so discern- 
ing of the juror's point of view. I confess to the feeling of an 
oncoming bias against the lawyer who is working too hard. Too 
much repetition of evidence, too many witnesses, too great detail in 
the pleading, too much swelling molehills to mountains, too noisy 
orator}' — all these excesses tell on the juror’s temper. He does not 
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care to be treated as though he had not the brains to see the bearings 
of the testimon_v as it came from the mouths of the witnesses. 

The court is quite right in sustaining objections to much ex- 
traneous matter that clogs the proceedings and overloads the jurors. 
But it is questionable whether the loss of time by a large majority 
of these objections does not tend to irritate jurors who are rightly 
jealous of their time and critical of a system which compels its loss 
without corresponding gain to them. i\Iuch of the matter ruled out 
or admitted after a battle between attorneys goes for what it is worth 
to the jury and not a little of it is without effect on the juror's mind 
either way, except as a general irritant. Whatever is evidence to 
his mind is evidence and willy-nilly his mind is affected by it. To 
a juror with imagination and the gift of interpretation evidence is 
often felt as atmosphere and is much more than the dry bones of 
admitted testimony. 

For instance, in a trial in which the verdict turned chiefly on the 
motive or purpose of a paper engaging to purchase and pay for a 
large block of stock on a certain date, the lack of frankness and 
the constant evasiveness in one of the witnesses so strongly dis- 
credited him in the minds of at least half the jury that they virtually 
agreed that they would not employ such a man in their own busi- 
nesses. Indeed the other half of the jury did not defend him. As 
this witness substantially agreed with and was on terms of more or 
less intimacy with the four others who told the same story the whole 
five were greatlj' weakened as witnesses. This was evidence un- 
avoidable in coloring the minds of jurors, although not “ evidence ” 
on the record. 

Again, in the case of a woman suing for damages as the alleged 
result of a fall by a defective brick pavement, more than one juror 
believed that the defense lost an opportunity in not bringing out in 
cross-examination the height and slope of the heels of her shoes — 
as these might have been more responsible for her tumble than the 
pavement itself. Cut as these jurors did not know anything about 
it — nothing having been said in court about it — they of course did 
not openly consider it. But the point is, that even such a case no 
one knows how far such a passing thought gives cast to the mind 
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consciously balancing itself to a nicety of honesty and absolute 
justice. It becomes evidence. 

It is questionable whether, the cause of justice would not be 
better served by a much more liberal attitude toward the admission 
of evidence than our jurisprudence usually allows. 

This particular case is also a good illu^tration of jury-irritation 
through excess of detail and repetition. Large photographs were 
displayed and re-displayed and pencil-marked and pas-ed and re- 
passed among the jury to show the pavement and the curbstone. All 
witnesses but one corroborated what the photographs were supposed 
to picture and no juror or any one else probably had any doubt about 
the pavement or about the slipping of the woman's foot. But it 
would have been just as effective to show the photographs once and 
for all, and obtain a simple statement of fewer witnesses without 
such over-elaboration. 

There was a juror, for instance, who was suffering from a rack- 
ing cough, who lived on a small branch railroad at perhaps fifty 
miles distance, tie had left many business interests. It was now 
the last day of the term — Saturday. If he lost a certain afternoon 
train he would lose a whole day in getting home. lie knew that 
a team had been sent for him a dozen miles or so through a snow- 
drifted country and if he could not catch that train his non-arrival 
would not be understood. Xaturally he looked repeatedly at his 
watch when every sensele.^s repetition delayed the trial. The judge 
did his part to push the trial through hut there is a limit to the 
judge’s action at least as a matter of expediency. The juror with 
dismay saw his train-time ,go by with suppressed irritation. One 
or two others from other counties were similarly affected. The in- 
sistence here is that the trial could have been gone through within 
half or two thirds of the time it really took. The jury knew no more 
for the redundancy and were less fit for the balance of their 
powers than they would he under more favorable conditions. Few 
men can be at their best as dispensers of justice when they see their 
valuable time frittered away — for what? To settle a contention in 
which they have no live interest and for which thev are held in 
duress as though they were not to he trusted out of sight. 

i\lr. Coates’s experience agrees with mine — that the pleadings 
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of the lawyers have very little direct effect on a substantial jury. In 
simple cases not involving too much consideration of human nature 
or of the motives perhaps most jurors catch the drift of the evidence 
and make up their minds before the trial is through — even though 
they suppose themselves open to conviction either way. 

Lawyers damage their cases — sometimes lose them, by what the 
jury regards as an unfair trick. Some jurors are affected by the 
fact that a famous lawyer is on the case — his reputation alone 
carrying weight. 

A very slight thing may bias the juror. One lawyer lost favor 
with some jurors because of his continual smile and offhand pleas- 
antry in his pleading. Another quite properly asked one of the 
jurors, whom he called by name, to define a technical business term 
— the lawyer being or assuming to be not quite sure of it himself. 
This fact was noted in the juryroom and charged up against that 
juryman's oi)inion — one of his confreres asserting that apparent 
friendship with the plaintiff's attorney affected his judgment. This 
charge was entirely good natured but was given to otfset a charge 
that the juror favoring the defence was partisan because of his local 
affiliations — the defendant hailing from the juror's locality. The 
jury disagreed in this case which was one of great difficulty because 
of local interests, human motives, and the large losses and gains in- 
volved. And yet no one can question the honesty of every juror there 
— while also no one can help questioning the amount of coloration 
in the minds of not a few of the jury arising from these causes apart 
from the formal evidence. It was noteworthy that all the jurors 
who were of a certain foreign descent and understood the same 
foreign tongue although not previously acquainted with each other, 
voted together. An unconscious esprit-de-corps arose which banded 
them solidlv against the other half of the jury. I do not think that 
either side noticed this fact but I am <juite sure that the subtle in- 
fluence of nativity and speech worked on them without their know- 
ing it. Of course no court could foresee or suspect or avert this. 
I instance it only as an illustration of unconscious congregate in- 
fluences on honest and conscientious but untrained minds. 

I have been strongly impressed with the comparatively helpless 
situation of the defense in many cases of suit for damages especially 
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when the plaintift is poor and the defendant in comparative affluence 
and still more especially when a corporation. Quite apart from the 
traditional attitude toward the so-called soulless corporation a class 
of circumstances may put the defendant at a great and unfair dis- 
advantage. 

The case of the plaintift who slipped on a curbstone and claimed 
that a sunken brick pavement compelled her to so step on the curb 
as to slip, is in point here. The very fact that the photographs are 
handed about and continually referred to, that witnesses have seen 
that condition there for years, that the woman's leg was so sprained 
by her fall as to prevent her making her living as heretofore gradu- 
ally works upon the minds of the jurors because no one can say that 
none of these things are so. 

I remember seeing nothing very bad in the photographs at first 
but the incessant references to the lines of the picture (1 now see ) 
exaggerated in my own mind the dangers from such conditions at a 
crossing. Some of the jury were particular to say that they be- 
lieved in discouraging the legal traffic in damage suits but they also 
believed that sidewalks should not be allowed to become a menace 
to the walking public. Small compensation was therefore agreed 
upon by the clumsy process of averaging the vote. 

A few weeks later I went, out of curiosity, to see the place itself. 
I am quite confident that as a casual pedestrian the slight sinking of 
the bricks and the slope of the curbstone would never have attracted 
my notice. The photographs were in a sense true and in a sense un- 
true. The proportions of the street were distorted and the view- 
points were selected for a purpose. Aluch was made, at the trial, 
of the rounded curb which had been worn that way by the grating of 
heavy wheels against it on the corner. The rounding never looked 
bad to me on the photograph but as I think back to an objective 
view of my own mind during the trial, excusing the photograph’s 
supposed untruth as being too small or perhaps not properly posed 
to show the real danger, I see how gradually I began to think against 
my real judgment and see untruly. And now in its very presence the 
stone itself looked no worse to me than did the photograph at first ; 
and I am bound to wonder why if this pavement and curb were 
entirely to blame there are not such accidents going on all over the 
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city every day, for I notice that that pavement was relatively not 
dangerous or bad. 

I am not quarrelling with the verdict in which I had a part. It 
was not very serious either way except as a matter of abstract 
justice. I am merely trying to show how much more those pictures, 
in conjunction with the strained reiterations of witnesses, counted 
for than they were really worth. The mind believed what was true 
in them because they were photographs and excused and apolo- 
gized for what seemed untrue fbut was realh' very true) — also be- 
cause they were photographs. 

In an article on " Photography and Crime ’’ IMr. C. H. Claudy 
says ; 


" Any capable photographer knows how to magnify or minimize certain 
parts of the perspective of any view. Thus, a long-focus, narrow-angle lens 
will give a totally different result from a wide-angle, short-focus lens. In a 
suit for damages because of obstructions left upon the street, for instance, a 
lawyer will have a photographer use the latter lens and stand close to the 
alleged obstructions. .\ pile of earth, particularly if photographed low, will 
appear very large in proportion to the vanishing perspective of the street. A 
natural-angle photograph, made with a ten-mch lens on a five-hy-sevcn 
plate, will give a totally different idea of the size of the obstruction. 

■■ Cracks in buildings, as evidence of the damage done by subway con- 
struction or sewer-laying, can not be brought before a jury; but photographs 
of them can be so used as evidence .A clever photographer, by manipula- 
tion of his illumination, so that one side of the crack throws a heavy shadow 
can make such fissures appear far larger than they really are. Pictures of 
hills, to show the locality of a runaway, can be made steep or flat according 
to how the camera is handled. It is not, therefore, necessary to resort to 
actual changing of the negative and print to make the camera deceptive, 
and more and more are our courts coming to understand this fact." 

I have been startled several times with the seeming unevenness 
and bad brick-laying in a brick extension wall of my own house. In 
early summer the low afternoon sun throws long shadows length- 
wise from irregularities in the brick quite unobservable at other 
times. A photograph of the wall at such a time might be shown as 
strong evidence that the wall had suffered some kind of disruption. 
Yet the fact is that it is finely and evenly laid. 

No allegations of attempt to falsify in the case under considera- 
tion are here intended. It is true that in the pictures the little streets 
looked broad and fine but the defects of the pavement and the curb 
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were not exaggerated. The point is, that when photographs are 
shown in support of the verbal testimony even the discriminating 
mind is apt to be over-persuaded by the mere fact of pictures. Any 
seeming lack therefore on the part of the picture is subconsciously 
excused on the ground that a depression of two inches in a pave- 
ment is necessarily diminished to almost nothing in a photograph. 
Then the mind rebounds to an exaggeration of the truth notwith- 
standing the claim that the depression does not exceed two inches. 

iManifestlv, the defense has little show in such a case. lie can- 
not prove that the plaintiff did not fall from this cause. His one 
witness denied the dangerous character of conditions and to us jurors 
this denial seemed fatuous and partisan. But when I saw the 
place itself I thought this witness more right than wrong — more true 
indeed to the moral fact than all the others. 

I am c[uite sure that had the jury been taken in a body to the 
actual scene of this accident th.e outcome would have been different. 

I could scarcely believe my own eyes. I tried to slip on the curb 
as the plaintiff slipped because of the slightly sunken but not rough 
pavement, but I failed. True. I had rubljer heels but true, aho, the 
woman may have had suicidal '' French heels." Of this we jurors 
had no knowledge but some of us thought of it. All the verbal 
testimony of many witnc.sses corroborated what the photograph was 
supposed to show. It did show lines and shadows but not danger. 
The witness said danger and the jury believed that the photographs 
showed it too. Doubtless, al.^o, the degree of damage which the 
woman suffered became, sub-consciously in the jurv mind, the meas- 
ure of that danger. I see now. that the pictures did not prove danger 
— not relatively, at least, as I find pavements and curbs wherever I 
go as bad and worse but they do not seem to me dangerous. If the 
defendant was guilty of negligence, comparatively few' property 
holders are not guilty. 

This case has been reviewed at some length because of its illus- 
trative values in pointing out how the mind shifts itself under the 
subtilties of ■' evidence " which is in reality no evidence, but which 
cannot be denied or assailed as untrue and cannot be easily ruled out. 

It seems to me that with a knowledge of the psychologv of the 
gradual winning of the juryman’s mind in -.pite of his own better 
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thinking, appeal for retrial should have serious consideration by the 
judges. In such a case the defense in not weak because the lawyer 
is weak, not because the defense has not been properly worked up 
but because all the activity, all the pictoriality, all the interest, lies 
with the plaintiff. One woman sh.p^ ; a hundred thousand do 
not slip : but thev never come on the witness stand. iMoreover, the 
mind assumes that unless the case were good no photographs would 
have been taken, as the risk of recoil would have been too great. 

In cases where medical experts are called to testify lawyers are 
too much inclined to Jisplav their crammed knowledge of the anat- 
omy and physiologv of injured limbs. Direct and cross-examination 
in these cases are sometinies carried to absurd length and minuteness. 
It makes little difference to a jury liow a nerve moves the muscle 
and how the life process itself produces movement. I am quite 
aware that some of these foolish professional displays are made 
with the hope of discrediting the opposite expert witness but as a 
rule thev are wearisome and even ludicrous — and neither of these 
conditions helps the cause. 

^Miatever makes for straightforward simplicity counts for the 
jury's favor. It is then that the real evidence weighs at its true 
value. Of course there are jurymen who admire adroitness, 
shrewdness, cleverness, even craftiness in an attorney and are much 
influenced by that admiration rather than Ity the real merits of the 
case. Rut these verv attainments or methods work the other way 
with many jurors: and the insolent brow-beating of witnesses or 
manifest effort to confuse and “ rattle " a simple-minded and honest 
witness is pretty sure to awaken indignation in the jury and recoil 
on the parties indulging in that kind of practice. This indignation 
is no part of the evidence which jurors are sworn to decide the case 
upon but it goes for evidence as weight in the mental balance. 

And on this point, when the court orders a specific verdict with- 
out consulting the mind of the jury, is it not virtually ordering pos- 
sible perjury or. in effect, subornation? Seeing their liability to this 
kind of termination to their labors jurors sometimes grow lax or in- 
dignant, according to their temper. They become puppets either 
wav and official " evidence " becomes of less moral moment in their 
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■ In point here, is a paragraph from Laa- Xofes { iMarch, ipio'i ; 

'■ Judge Caldwell who had served iiearh- 35 years on the bench of the 
Federal District and Circuit Courts said that trial b> jury was guaranteed 
in the Constitution ‘because the people knew the judges were poor judges 
of the facts’ and that ‘every day's experience confirms the wisdom of their 
action. Equalh’ strong testimony has been gi\en by some of the greatest 
judges this country has ever known.’ .... How many self-respecting men 
will condescend to serve willingly on juries if they know the judge is likely 
to hold them up to public scorn because he disagrees with their unanimous 
opinion delivered under oath?’’ 

Xotv let us add to this question the weight of the fact that the 
greater the intelligence and moral force of the juror the greater his 
antipathy to such an unjust service. And in his resentment lies the 
psyschological menace to his natural qualifications. And surely the 
lower grade of man is not to be preferred because of his being the 
more subservient. 

X’ot having sufficiently investigated the claim of the incompetency 
of judges to judge of “ facts" I make no comment on it — except 
that apriori grounds seem to me to favor it. But if it be true then 
many a case suffers (as indeed every juror knows) from the exclu- 
sion as well as the inclusion of testimony. If the juror is a better 
judge of facts ’’ than the judge is then the juror should have power 
to call for such facts as appear to him to bear on the case. I for 
one have heard witnesses choked oft' by the incessant objecting of 
attorneys until the testimony was squeezed dry of all that essence 
which gives to a story its true value. True, a witness may over- 
color and may run into imaginings and expeditionary .‘lallies of sen- 
timent and statement and this freedom -hould be limited. Never- 
theless, the dry skeleton of what the court calls " facts ” is often 
as untrue by default of important facts as the overweighted story 
tends toward giving an untrue impression of the case. 

The juror should not be submitted to the strain of shutting out 
what he heard ruled out by the judge as not being relevant or admis- 
sible as evidence. I remember hearing a jury debate the import of 
an offhand written promise to pay a large sum. A youthful juror 
reminded us that the judge had .said that we could consider the oral 
testimony in such a case. At least half the jury disregarded the 
paper because the judge permitted the oral testimonv to count. The 
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other half saw in the paper the most vital evidence not, however, 
because the judge admitted it but because it appealed to their sense 
of business honor. Another judge might have ruled it out entirely 
as it lacked some factors of a formal document. \\ hat is evidence 
to some is not evidence to all, and no line can be drawn for testi- 
mony. Should not jurors have some right to demand such infor- 
mation as seems to them to be evidence? The rules of evidence ’’ 
are sometimes as wooden as they are usually useful. The mind of 
the average jury is in danger of being befogged by the ins and outs of 
matter offered as testimony. 

It is true that a jury has more power than it usually takes in ex- 
amining witnesses or inquiring of the court. But that is in large 
degree because the juror feels his automatism and his incarceration. 
IMany a juror would like to ask questions but he has not been invited 
and he is afraid of attitude. He works under threat and all pen- 
ologists are agreed that timidity and fear under threat do not make 
for strong intitiative or moral control. 

In no situation in life is what Bergson calls the " professional 
comic ’’ more evident than in the court room. It is always con- 
spicuous in convocations of the clergy, of physicians, ainl even of 
men of science. The professional comic is the all-enveloping rut 
and the discerning layman is usually the stone that throws the wheel 
out on to new ground. This is the value of the jury. The juror is 
a layman but unfortunately he is too much a strangled and manacled 
servant to have either a layman’s self-respecting free<lom or the self- 
imposed constrictions of professionalism. He is never quite himself 
because he is under duress invohmtarily doing work of professional 
nicety — involving complex calculation and insight to human motives, 
a gift of interpretation, a sense of probability, the elimination of 
personal bias. He is physiologist, pathologist, phvsicist, psycholo- 
gist, detective, financier, moralist, jurist. And he is only a lackey 
without personality. 

It is comparatively seldom that the witness w ho is su orn to give 
the “ whole truth ” is permitted to do so. The juror sees th.e eftort 
of counsel to prevent his getting hold of it. Fie notes how th.e wood- 
en ‘‘ rules of evidence " sometimes cut out a bodv of testimony, the 
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pores of which are juicy with the very quintessence of evidence. The 
keen juror, scenting the aroma, longs to tap or squeeze out tlie sap 
of truth. But uho is he, forsooth, but a juryman? 

A physician, speaking out of much experience as an expert wit- 
ness, told his medical associates that it is not enough that the evidence 
which they might be called on to give should be the truth. This, in- 
deed, he said, has little to do with it for it must agree with the 
lawyers’ and the court's idea of what is evidence, which is sometimes 
quite another thing. 

^Meantime the poor juror is between the devil and the deep sea — 
between the professional battle to suppress facts and his own sense 
of essential truth ; between his own real conscience and the artificially 
imposed conscience of the court. So long, therefore, as “ the evi- 
dence ” is prescribed by the court the juror ought not to be sworn to 
render verdict according to the evidence,’’ but without prejudice 
to strive to be just to all parties concerned. Xo other discipline is 
just to any party concerned. 

There is strong tendency to reduce the employment of juries. 
The question is whether there could not be a better kind of jury, 
partaking at once of lay and of professional advantages. It would 
be perhaps a permanent board adequately paid, non political, smaller 
than our present jury, not bound by the rule of unanimity, having 
large authority in taking and using testimony, and treated with the 
dignity due to the upper officers of a court of justice. In other 
words the disciplinary irritants, drawbacks, indignities, coercion, 
threats and sources of indifference and personal bias should be re- 
duced to the minimum. Only thus can the balances of the juror’s 
mind work as freely as possible in the valuation of evidence— which 
evidence, in very truth is not limited to the sworn statements of 
witnesses or other facts of the testimony but grows out of the 
interpretation of experience and of human nature in the large. The 
system, whatever it is, should not indifferently permit or encourage 
self-defeat. Justice to the contending parties rc^ts in no small degree 
on justice to the jury. 



ox THE PRODUCTION OF AX ARTIFICAL HISS. 


By E. B. TITCHEXER. 

(Read X ex ember 6, 1914.) 

In Xafurc of I'.Iay 29. 1913, Lord Rayleigh asked to be told 
“ how to make an artificial hiss.’’ I replied that, if Kohler's ob- 
servations are reliable, " a Gallon whistle, set for a tone of 8.400 
V. d., will give a pure s'." ^ Lord Rayleigh, however, was not 
impressed by the suggestion.- 

It occurred to me that the question might be put to the test of 
experiment. The sound of a Gallon whistle .set for 8. 400 v. d. 
might be imitated by the mouth, and a series of observations might 
be taken upon material composed partly of the natural (mouth) 
sounds and partly of the artificial ( whistle') tones. If a listening 
observer were unable to distinguish between the two stimuli, and 
if the mouth-sound were shown, phonetically, to be a true hiss, then 
it would be proved that the whistle also gives an s', and Lord Ray- 
leigh would be answered. 

The experiment was more troublesome that I had anticipated ; 
but I mav sav at once that it has been carried out, and with affirm- 
ative result. 

We used an Edelmann-Galton whistle ( X"©. 4231 actuated by 
a rubber bulb.^ Our first difficulty was to find a competent experi- 
menter. For the sound of tlie whistle is clean-cut. uniform, so to 
sav dogmatic.’ This very definite stimulus has to be duplicated by 
a certain setting of tongue and lips, and by voluntary regulation and 

Xalurc, July a. nii3. W Ktihler, Zeils 1. Rsyeh.. LXR'., ipij, 93. 

-Mature. July 31. 1913. 

^ The hull) th.'it conics with the instnur.cnt must soon be rcncweil. It 
may be worth while to point out that bulbs of white or grey sulphur-coated 
rubber should net er be employed: the fine du«t chokes the mouthpiece and 
plays havoc, e y.. with tenmnal determinations. We use a black rubber that 
is slightly more flaccid th.an that furnished In Edelmann. 
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direction of a current of air. But not only are there gross dif- 
ferences in the mode of formation of the j-sound : there are also 
individual differences, due apparently to the arrangement of the 
teeth, the shape and size of the tongue, and so forth d and beside 
these, there are differences in ability to maintain the sound begun, to 
hold it from fluctuation during its course. The sound that one 
emits, on first trying to imitate the whistle, may therefore be almost 
comically wrong, — broad, harsh, irregular, soft, wavery, instead of 
sharp and keen. 

We presently found two experimenters, INIr. X. P. Stephens and 
iSIr. P. T. Carson, who after practice were able in a large proportion 
of successive attempts to reproduce the sound of the whistle. 
Neither these nor the other volunteers whom we tried out could, 
however, imitate the sound obtained by the ordinary vigorous 
squeeze of the bulb, such a squeeze as one gives in determinations 
of the terminus. We therefore had recourse to a compression which, 
though sharp and definite, was still weaker than that bv which 
the whistle is usually actuated. The dilterence between the mouth- 
sound and the whistle-sound given at full intensity is. so far as our 
observations go, that the latter is beady, intense, compact, while 
the former is broader, weaker, coarser. The compression which 
we used was, nevertheless, strong enough to yield clear dust-figures 
by the Kundt method." No doubt, it varied somewhat, both in the 
experimental series and in the dust-figure determinations. But the 
hand-pressure becomes rather surprisingly even, with a little prac- 
tice; and determinations made at different times by Dr. Foster 
varied only between the limits of 8,594 ± 63 v. cl. and 8.522 ± 27 
V. d. It is therefore certain that we were workin'j in the near iieifTh- 
borhood of Kdhler's optimal 8,400 v. d. 

‘‘ See, e. g., C. L. Merkel, “ Physiologic der menschlichen Sprache,’’ 1866, 
186 ft.. Taf. III.: G II. von Meyer, "The Organs of Speech,’ 1884, ,314!.; 
G. E. Sievers, •' Grundzugc der I’hoiutik.” 1885, 56 ff., 122 f. ; O. Tespersen 
“The .\rticulations of Speech Sounds,’’ etc, 1889, 61 f., 87; H. Hoffmann, 
“Die Lautwis^enschaft.’’ etc, tqoi. 62: \V. Victor, “ F.lemente der Phonetik,”’ 
etc., 1887, 125 ff. ; E Sedmann, " Die .\ussprache des I.atein,” etc., 1885, 245 
f. ; H. Sweet, “ . 4 . Handbook of Phonetics,” 1877, 33, 39 f. 

= M. T. Edelmann, " Studien uber die Erzeugung sehr hoher Tone etc. ” 
Drude’s Annahn, 11 . [CCCVIL], 1900, 469 ff. 
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An ideal experimental series would now have consisted of equal 
numbers of mouth-sounds and whistle-sounds arranged in haphazard 
order. But the experimenters could not thus accurately reproduce 
the whistle-sound. If the series chanced to call for several mouth- 
sounds in succession, then the setting of the mouth could be main- 
tained ; but if mouth and whistle alternated, or if a single mouth- 
sound were to be given among several whistle-sounds, there was 
need of readjustment and possibility of initial failure. It seemed 
best that whenever the mouth-sound was obviously wrong, and 
when (as sometimes happened! the squeeze of the bulb was too 
light or too heavy, the experimenter should say; Don't count that! 
Repeat ! " and should simply try again. This procedure gave the 
observers a certain advantage: but we thought it preferable to a 
voluntary change or a further haphazard determination of the 
stimulus. The more successful of our two e.xperimenters. i\Ir. 
Stephens, was obliged, even at his highest level of practice, to re- 
peat the mouth-sound in 12 to 15 per cent, of the trials. 

Tliere was a further complication. The observers sat at a 
distance of not more than i m. from the source of sound; they 
declared that, if they were to judge discriminatingly, they must 
be as near as possible : and they tended to lean or move in toward 
the experimenter. The preliminary experiments showed that, under 
these conditions, their judgment might be influenced by secondary 
indications — the direction of the sound, the noise of breathing, of 
setting the mouth, even of the .squeeze of the bulb, the noise of 
preparatory movements in general. Hence they were informed be- 
fore the regular series began that the^e indications were not to be 
relied upon, but that the experimenter might in any given test make 
niisleading preparations. In fact, 50 per cent, of the mouth-sounds 
were accompanied by noises of bulb and table, and 75 per cent, of the 
wl'iistle-snunds by noises of breathing and mouth-setting. The nu- 
merical results and the introspective reports prove that this ruse was 
successful. The observers based their discriminations, for the most 
part, upon the temporal course and the “ size " of the stimuli ; the 
sound was judged to be “ whistle ” if it was hard, clear-cut. abrupt, 
and to be " mouth ” if it eras fluctuating, “ trembly." soft, diffuse. 
Sometimes pitch was referred to (whistle higher), and sometimes 
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intensity (whistle louder). The number of confusions testifies that 
these differences were not very dependable. 

The first series of experiments (July, 1914; IMr. Stephens, ex- 
perimenter ; IMiss F. A. Bean, observer) consisted, as planned, of 70 
mouth-sounds and 70 whistle-sounds taken in haphazard order. 
Aside from the disturbances to which I have referred, the results 
were : 

Whistle. Mouth. 

IVhistle judged as 60 10 

Iilouth judged as 25 45 

INIr. Stephens was at this date relatively unpractised, while iMiss 
Bean had had extended practice in the discrimination of whistle- 
tones. The number of confusions (25 per cent, of the whole num- 
ber of observations) was, evidently, large enough to warrant a con- 
tinuation of the experiment. 

Other series, made by Messrs. Stephens and Carson with other 
observers, brought results of the same numerical order: they need 
not be cited. I pass at once to the two final series made (August, 
1914) by IMr. Stephens. The first comprised two part-series of 50 
tests, each composed of 25 mouth-sounds and 25 whistle-sounds. 
The observer, Dr. W. S. Foster, knew the plan of the investigation, 
had himself tried to reproduce the whistle-tone by mouth, and had 
had recent and unusually extended practice in the discrimination of 
whistle-tones. The percentages of confusion were; 


Whistle judged as mouth 18 

Mouth judged as whistle 20 


or an average confusion of 19 per cent. 

In the second series, two part-series of 50 tests were composed, 
the one of 22 whistle and 28 mouth sounds, the other of 28 whistle 
and 22 mouth sounds. The observers. Dr. E. G. Boring, Dr. L. D. 
Boring and Dr. IM. E. Goudge, sat together for the experiment. 
Dr. E. G. Boring had had a good deal of practice with the whistle, 
and the other observers had performed the regular laboratory ex- 
periments in which it is employed. All three were, however, given 
special practice (with knowledge) in the discrimination of the stimuli 
now to be used. The percentages of confusion were: 
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Whistle Judged Mouth Judged 


Observer. as Mouth. as Whistle. 

E. G. B 20 36 

L D. B 45 38 

E G 35 39 


or an average confusion of 35.5 per cent. 

There is. naturally, a tendency, on the part of the practised ob- 
servers. to judge “mouth as whistle’’ more often than “ whistle as 
mouth " : the percentages are. for Miss Bean, 35.7 : 14.3, and for 
Dr. E. G. Boring, 36 : 20. Dr. Foster, who can hardly be deceived, 
gives approximately equal percentages of confusion: but in his case 
too the ratio 20 : 18 favors “’mouth as whistle.’’ The less practised 
observers, however, offset each other. I had expected a far greater 
preponderance of correct judgments of the whistle, i. e., a lesser num- 
ber of judgments of " whistle as mouth’’; and I think that the per- 
centages actually obtained speak well for the skill of the ex- 
perimenter. 

It remains to show that our mouth-sound was a hiss. Neither 
of the experimenters was versed in phonetics ; but we asked them 
to observe and describe carefully the position of lips and tongue 
during imitation of the whistle-sound. Mr. Stephens writes : 

'■ The po'ition of the tongue is substantially, so far as I can judge, the 
same as that in wltich we produce the .'ound of the letter 4-4-i. The sides of 
the tongue arc “=0 curled up that they rest .against the inside of the upper 
teetli, on the sides. The middle of the tongue thus of course forms a hollow, 
up to the tip. — which very nearly touches the roof of the upper jaw just about 
a quarter-inch above the upper teeth .... For the production of a li.ght hiss 
which is not to be heard loudly the tongue-mu.=cle5 are semi-tightened as also 
arc the nui«clcs of the jaw and throat. The thin column of air which is 
forced lightly between the tip of the tongue and the point on the roof of the 
mouth makes production of sound. Teeth along sides and back are possibly 
5 or 6 mm. apart, thus leaving plenty of opening for ejection of air. The lips 
stand a quarter-inch apart, with little or no drawing at the corners, for the 
light hiss Lips, in the production of this sound, play little or no part; they 
merely are separated sufficiently so as not to interfere with air and sound. 
Unless they arc well apart, however, they do interfere with the intensity and 
seeming pitch of the hiss.’’ 

This is a very fair amateur account of the production of a hiss; 
and if it is compared with the formula given, c. g.. by Jepersen, we 
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cannot doubt that ]Mr. Stephens was sounding an English At 
the point where I have marked an omission, he draws a diagram 
which, with allowance made for amateur draughtmanship, is identi- 
cal with the “ [s] nach Bremer" of Jespersen's plate: it is needless 
to say that he had never opened Jespersen’s book. Mr. Carson gives 
a very similar account, except that he appears to place the tip of 
his tongue a trifle further forward, and thus to approximate the 
German i-. It is quite clear, then, that the experimenters were 
hissing. 

So we have the artificial hiss that Lord Rayleigh asked for. It 
may be too weak for his purposes ; and, more especially, it may be of 
too brief duration. We were able, however, to match the abrupt 
hiss of the experiments to a continuative hiss sounded by a second 
Edelmann whistle (No. 679) connected with the Whipple tanks; in- 
tensively, the match was only approximate; qualitatively, we regard 
it as fairly accurate. 

For the qualitative determination we employed two methods, 
(i) The sound of whistle Xo. 423, actuated as in the experiments, 
was compared with three sounds from whistle Xo. G79 actuated by 
a regulated current of air from the tanks. These three sounds lay 
at what we supposed to be the point of equality with the sound 
of Xo. 423, at a pitch some 400 v. d. higher, and at a pitch some 
400 v. d. lower. The three comparative pitches were intermixed in 
haphazard order; both time-orders were presented: and for tlie 
final series of observations we had the services of Professor H. P. 
M eld, a skilled musician as well as psychologist. (2) By a round- 
about method of determination, which involved reliance on the 
Edelmann tables, we established the " identical ” pitch of Xo. 679 

8,430 V. d. Since Professor Meld’s judgment made this pitch 
ecjual to or very slightly lower than the given pitch of Xo. 423, and 
since the error of our determination (provided alwavs that Edel- 
mann’s tables are correct) can hardly have exceeded ±; 100 v. d., we 
ma\ assiLine that the two whi-^tles gave verv nearlv the sanic s 

eO. Jesper.wn, “ Lelirbuch der Phonetik,” 1904, 34. 12; f. yir. Stephens’ 
use of the word hiss” was spontaneous, not due to suggestion. 
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\\'e were unable to determine the pitch of the continuative hiss by the 
Kumlt dust-nieth.od : the lycoi'odium powder obstinately refused to move. 

Tlie accuracy of tlie Edehiiann tables has been questioned by C. S. Myers 
('■'On ilie Pitch of Cahoii Whistles,'' Joiirn of Physiol., XXVHI . 1002, 417 
ff.'). Edelniarn does not cive the ni. v. of his scale readings: but it is pos- 
sible that Ills techn.Que is so accurate that the variation is minimal, or even 
that a jinyle count suffices. Xeither does he tell us how he compresses his 
bulb: It is probable that he uses some mechanical device which ensures a 
constant compression. We have ourselves made the following determinations 
with whistle Xo. 423 (temperature read as the mean of four thermometers) : 

(1) Ordinary vigorous squeeze, such as is employed in terminal determina- 

tions : 

Found front 5 trials with the dust-method 8.S-57 ± 18 v. d. 

By Edelmann's table 8.775 

(2) Weaker squeeze, used in our experiments: 

Found by dust-method S.594 = 63 v. d. to 8.522 ± 27 v. d. 

By Edelmann's tables -r judgments of coincidence of 
tones 8.430 

(3) Very violent squeeze. 10 trials by dust-method 9.046 ± 71 v. d. 

It is clear that Edchiiann uses a " normal " compression, of the same 

order as that which an experimenter naturally employs for terminal tests. 
Random determination.' of our two wlustles at dift'ererit points of the scale, 
with the ordinary vigorous squeeze, agree within about 100 v d. with the 
Edcimann taldcs. 

We ha\c had but little experience with continuous tones under change 
of water-pre'snrc , but we find, so far, that the pitch of our whistles does 
not alter appreciably within the limits of qo to 160 mm. of pressure. 

While, then, we do not question the accuracy of Myers’ determinations, 
we think th.at there is 110 need either to doubt the reliabilitj- of the Edelmann 
whistle under " normal " conditions. 
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^IIXUTES. 

Stated Meeting January j>. 1014. 
iLi.iAM Keex, LL.D.. President, in the Chair. 

Invitations were received : 

From La Reale Accadeinia de Ciencias y Artes de Barcelona to 
be repre'cnted at the celebration of the 150th anniversary of 
its foundation on the i8th, 19th and 20th of January next. 

From the Regents of tlie L'niversity of the State of Xew York 
to be represented at the Inauguration of John Huston Finley 
as President of the University and Commissioner of Educa- 
tion of the State of Xew York, at Albany on January 2d. 

The list of donations to the Iibrar_\- was laid on the taljle and 
thanks were oialercd for them. 

The decease was announced of James .Mac.Alister, .A.kl.. LL.D . 
at sea on December ii. 1913: tet. 74. 

I’rof. E. G. Conklin read a pajter on " .^ome Facts and Factors of 
Development " : which was discussed liy Doctors Donaldson and 
Dercum, and Prof. Conklin. 

The judges of the annual election of ol^l^cel^.^ and councillors held 
on this dav between the hours of two and five in the afternoon, re- 
ported that the following named members, according to the laws, reg- 
ulations and (prdinauces of the Society, were elected to be the officers 
for the ensuing } ear : 

President. 

I\'illiam \V. Keen. 


J ~iee-Presidcnts. 

^^’iIliam P). Scott. 
-Mbert IMichelson. 
Edward C. Pickering. 
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Secretaries. 

I. !Minis Hays, 

Arthur W. Goodspeed. 
Amos P. Brown. 

Harry F. Keller. 

Curators. 

Charles L. Doolittle. 
William P. \\’ilson. 
Leslie W. Hiller. 

T rcasiircr. 

Henry LaCarre Jayne. 
Councillors. 

(To serve for three years.! 
Samuel Dickson, 

Ernest W. Brown, 
Morris Jastrow, Jr.. 
Arthur Gordon Webster. 


Stated Meeting February 6. ip/./. 

William W. Keex, M.D., LL.D., President, in the Chair. 

Mr. Samuel Rea. a newly elected member, subscribed the Laws 
and was admitted into the Society. 

The decease was announced of the following members : 

At St. Petersburg on January 2 15, 1914, Theodose Tschernys- 
cheff. Director of the Geological Survey of Russia ; ret. 67. 

At Philadelphia on January 4, 1914. S. Weir iMitchell, iM.D., 
LL.D.; ret. 84. 

At Plattsburgh. X. Y., on January 7, 1914, William D. Marks; 
ret. 65. 

At Cambridge, iMass.. on January 14, 1914, Benjamin Osgood 
Peirce, Ph.D. ; ret. 60. 

At London on January 24, 1914, Sir David (dill, K.C.B. ; ret. 70. 

At Philadelphia on February i, 1914, Charles E. Dana, C.E., 
ret. 71. 
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Dr. P. B. Hawk read a paper on “ The Relationship of Water to 
Certain Life Processes, and More Especially to Nutrition " ; which 
was discussed by Dr. Brubaker, Prof. Kraemer, Dr. Dercum, Prof. 
Keller and IMr. Carson. 

Stated Meeting March 6, 1914. 

M'illi.aw \\'. Keex. 1 \I.D., LL.D., President, in the Chair. 

Invitations were received : 

From the Deutsche Shakespeare Gesellschaft to participate in 
the celebration of the 50th Anniversary of its founding on 
April 22 to 24. 1914. 

From the Premier Congres de Police Tudiciare Internationale 
to participate in the Congress to be held at IMonaco on April 
14 to 20. 1914. 

From the 19th International Congress of Americanists to be held 
at Washington October 5 to 10. 1914. to be represented 
thereat. 

The decease was announced of : 

Edwin T. Blouston, Ph.D., at Philadelphia, on March i. 1914: 
a't. 67. 

Stuart M'ood. Esq., at Philailelphia. on March 2. 1914; tet. 62. 
Dr. Samuel W. Stratton read a paper on " Standards of Quality 

which was discussed by Dr. Donaldson, Dr. Keller, Air. Day 
and Air. F. Rawle. 


Stated Meeting .Ipril j. IQI4. 

M'li.n.wi \\ . Keen. Al.D., LL.D., President, in the Chair. 

A letter was received from Senatore Giovanni Celoria express- 
ing the grateful thanks of the Committee for 283.25 lire contributed 
by the members of this Society as a subscription to the Giovanni 
Schiaparelli Alemorial. 

The decease was announced of ; 

Edward S. Holden. A.AL, LL.D., at West Point on Alarch i6th, 
1914 : tet. 68. 
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Sir John i\Iurray, K.C.B., Sc.D., LL.D., at Eiliiibiirgh on iNIarch 
1 6th, 1914: jet. 73. 

The following papers were read ; 

'■ Explorations in the Hudson Bay Regions with references to 
Unusual Topographic and Elydrographic Features and i\Iin- 
eral Deposits,” by iMr. Ambrose E. Lehman : which was dis- 
cussed by iMr. Willcox. iMr. Garrison and Mr. DuBois. 

■■ On Psychology as the Behaviorist \'iews It." by E. B. Tit- 
chener, Ph.D., Sc.D.. LL.D. 

Stated General Meeting April sg and Jj. W14. 

WiLLi.AM ^\^ Keen, iM.D., LL.D.. President, in the Chair. 

Thursday, April J>j — Opening Session. 

The decease was announced of George William Hill, Sc.D.. 

LL.D., at West Xyack. X. Y., on April 18. 1914; tet. 76. 

The following papers were read : 

" The Ph}-sical Cause of the L’nsymmetrical Equilibrium of the 
Earth Between the I-and and Water Plemispheres, with a 
Theorem on the Attraction of the Terrestrial Spheroid.” by 
T. J. T. See. Ph.D.. U. S. Xaval Observatory. iMare Island, 
California. 

■■ Some Observations on the Psycholo.gy of Juries and Jurors," 
by Patterson DuBois, Es(i.. of Pliilailelphia. 

•' Factors of luHucnce in the Origin and Circukitii.ni of the 
Cerebro-Spinal Fluid,” by Charles H. Frazier, M.D., Pro- 
fessor of Clinical Surgery. University of Pennsylvania. Dis- 
cussed by Dr. Crile. 

"Aspects and IMethods of the Study of the Mechanism of the 
Heart Beats,” by .\lfred E. Cohn. A.B.. Al.D., Associate in 
IMediciue, Rockefeller Institute fur i\ledical Resarch, Xew 
York. (Introduced by Ur. Keen.) Discussed by Dr. Keen. 

■■ The Kinetic System," by George W. Crile, M.D.. Professor of 
Clinical Surgery. M'estern Reserve University, Cleveland. 
Discussed by Dr. Keen and Dr. W. P. Wilson. 

The Hereditary Basis of Certain Emotional States," by Charles 
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I!. Davenport, A.M., Ph.D., Director of Station for Experi- 
mental Evolution I Carnegie Institution ), Cold Spring Harbor, 
Xew York. 

■' Syriac Socrates — A Study in Syrian Philosophy," by \V. Ro- 
maine Xewbold, Ph.D.. Professor of Philosophy, University 
of Pennsylvania. 

■■ The Evolution of Pine Barren Plants," by John W. Harsh- 
berger. Ph.D., Professor of Botany. University of Pennsyl- 
vania. 

*' Segretion of ‘Unit Characters' in the Zygote of Oenothera 
with Twin and Triplet Hybrids in the First Generation." by 
Gei.trge Francis Atkinson. Ph.D.. Professor of Botany, Cor- 
nell University. Discussed by Prof. Bradley IM. Davis and 
Prof Kraemer. 

■■ The A'egetaticin of the Sargasso Sea." by William G. Farlow, 
Ph.D,. LL.D., Professor of Cryptoganiic Botany. Harvard 
Universit}'. Discussed by Prof. Harshberger. Prof. Atkin- 
son. and Prof. Farlow. 

A X’ew Type of Oak for America," by William Trelease, Sc.D., 
LL.D. 


Friday. A['rU 24. 

E.vccnth'c Session — o.'yo o'clock. 

William W. Keen, M.D.. LL.D.. ITesident, in the Chair. 

The proceedings of the officers and council were submitted and 
the list of nominations for nieinbcrj-hip recommended for election 
this year was reported. 

The following resi lution recommended bv the officers and council 
was adopted : 

That a Committee of eight members shall be appointed by the 
president at the first executive session of the general meeting in everv 
year to nominate officers and councillors for the succeeding vear. 
The president shall be ex-officio a member of this committee, but 
shall have no vote except in case of a tie. This committee shall re- 
port at the stated meeting on the first Friday in December and its 



MINUTES. 


[.-\rri; J4, 


via 


report shall be regarded as nominations duly made for the respective 
offices. But nothing herein contained shall be considered as restrict- 
ing the right of any individual member to make nominations as pro- 
vided in the Laws. 

IMembers are invited to make to this Committee suggestions of 
appropriate nominations and it shall be its duty to give full’ consider- 
ation to the same. 

The President thereupon appointed the following members to 
constitute the Committee: Dr. Hays, Prof. E. W. Brown, Prof. Tre- 
lease, Dr. R. S. Woodward, Hon. Charlemagne Tower. Dr. Donald- 
son, Prof. Gummere, Prof. Farlow. 


Morning Session — p’j5 o'clock. 

Albert A. 3.Iichelsox, Ph.D., Sc.D., LL.D., F.R.S. 

\’ice-President, in the Chair. 

The following papers were read : 

“ Phase Changes Produced by High Pressures,” by Percy 
Bridgman, Instructor in Physics in the Jefferson Physical 
Laboratory, Harvard L'niversity. (Introduced by Prof. 
Goodspeed.) Discussed by Professors Pickering, Hobbs, 
Bogert, Xoyes and Michelson. 

“ The Influence of Atmospheric Pressure on the Forced Convec- 
tion of Heat from Thin Electric Conducting Wires,” by Arthur 

E. Kennelly, Sc.D., Professor of Electrical Engineering. Har- 
vard Lffiiversity. 

“ Some New Tests of Quantum Theory and a Direct Determina- 
tion of /:,” by Robert Andrews Millikan, A.M., Ph.D., Pro- 
fessor of Physics, University of Chicago. (Introduced bv 
Prof. Goodspeed.) Discussed by Prof. IMichelsoii. 

Discussion of “A Kinetic Theory of Gravitation”: ( i) Gravi- 
tation is Due to Intrinsic Energy of the Ether; (2) Trans- 
mission of Gravitation Cannot be Instantaneous, by Charles 

F. Brush, Ph.D., Sc.D., LL.D., of Cleveland. Discussed by 
Prof. Nipher. 
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" Behavior of iMetals and Other Substances Under Stress Near 
the Rupture Point," by A. A. iNIichelson, Ph.D.. LL.D., Pro- 
fessor of Physics. University of Chicago. Discussed by Prof. 
E. Brown. Mr. Bridgman, and iMr. Brush. 

" On Highly Radio-Active Solutions," by William Duane. A.iM., 
Ph.D., Assistant Professor of Physics and Research Fellow 
of the Cancer Commission, Harvard University. ( Introduced 
by Prof. Goodspeed. ) Discussed by iMr. Brush and Dr. 
Doinaldson. 

" Some Further Considerations in the Development of the Elec- 
tron Conception of Valence." by K. G. Falk, of the Harriman 
Researcit Laboratory. Roosevelt Hospital. Xew York. ( In- 
troduced by Prof. Bogert). 

"The A'alence of Xitrogeii in .\mmoniuni Salts," by William 
Albert Xoyes. Ph.D., LL.D., Professor of Chemistry. Uni- 
versity of Illinoi'. and R. S. Potter. ( Introduced by Prof. 
H. C. Jones.) 

" Determination of the True Atomic Weight of Radium," by 
Gustavus Hinrichs. of St. Louis. 

.Iftcnioon Session — o'clock. 

F.DW.xRn S. PiCKERixG. D.Sc., LL.D.. F.R.S., 
\’ice-President, in the Chair. 

Dr. Cyrus Adler in presenting a portrait of the late Samuel Pier- 
pout Langley, LL.D., a former \dce-President of the Society, spoke 
as follows ; 

On behalf of a number of members of the Society I have the 
honor to present a portrait of Samuel Pierpont Langley, a former 
member and \'icc President of the American Philosophical Society. 

i\Ir. Langley, the third Secretary of the Smithsonian Institution, 
was a man of national and international fame which rested primarily 
upon his epoch making researches in solar physics. All of the 
recognition which came to him was based upon his discoveries in 
physics and astronomy. But he was also a pioneer in another field, 
being the first distinguished man of science to devote himself to the 
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subject of aerial navigation, at a time when this was not considered 
within the realm of scientific study. The mere fact that a man of 
his reputation and position gave serious attention to this important 
subject lent it an impetus and standing which it would not have 
otherwise received for many years and therefore greatlv advanced 
the development of this science and art. Hut he did .more than 
give an impetus, for he not only discovered principles of prime 
importance in connection with aerodynamics, but was the first to 
produce a machine heavier than air, supported and propelled by its 
own engine and possessed of no e.xtraneous or lifting power which 
actually made an independent flight. 

The first flight of a heavier than air machine which ever occurred 
took place over the Potomac River on i\Iay 6. 1896 and was succeeded 
by numerous other flights of various models, which he built, all of 
the monoplane type. 

He had received honorary degrees from Oxford and Cambridge 
Universities in England and from Harvard, [Michigan. Princeton 
and Wisconsin in the United States. Medals were awarded him 
by the National .\cademy of Sciences, the Royal Society of London, 
the American .-Vcademy of .Arts and Sciences, the Institute of France 
and the Astronomical Society of France and he was a member or 
correspondent of all of these and many other learned Societies in- 
cluding the Academia dei Lincei of Rome. 

He had an especial affection for the .\merican Philosophical So- 
ciety, one of the few organizations in which he accepted an office. 

In addition to the--e great achievements, Mr. Langley was a 
man of wide culture and of deep sympathy and insight. That I 
was permitted to enjoy his friendship was one of the most pro- 
foundly valued and touching experiences of my life. 

[The donors are I^Iosrs. Cyrus .\dler, Carl I’.arus. L. A. Hauer, 
Alex. Graham Pell, John .\. Brashear. George F. Edmunds, George 
E. Hale, David Jayne Hill, George Gray, T. C. [Mendenhall. Charles 
E. Itlunroe, Edward L. Nichols. Richard Olney, Henry Fairfield 
Osborn, Edward C. Pickering, Raphael Pumpelly, Edward B. Rosa, 
Frank Schlesinger, Samuel M'. Stratton, Mayer Sulzberger, Elihu 
Thomson, Otto H. Tittmann, Charles D. M’alcott, Andrew D. 
Mliite and Robert .S. M'oodward.] 
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A’lCE-PRESiDr.xT Pickering in accepting the portrait, said: 

I\Iy acijiiaintance with Samuel Pierpont Langley goes back to the 
winter of 1870, when we crossed the ocean together to observe the 
total eclipse of the sun. in Spain. We maintained an unbroken 
friendship until his death, nearly forty years later. As a young man 
he was enthusiastic, and full of hope for the future. When placed 
in charge of the observatory at Pittsburgh, he found that the smoke 
in the atmosphere rendered stellar observations difficult. He there- 
fore selected the sun as his object for study, since the smoke by cut- 
ting off the heat, rendered the air more steady. A skillful draughts- 
man. his drawing of that complicated object, a large sunspot, is 
probably the best ever made. In accepting the position of secretary 
of the Smithsonian Institution, he stipulated that he should be 
enabled to continue his scientific investigations. This led to the estab- 
lishment of the astrophysical observatory, which has continued and 
e.xtended his work to the present time. He devoted many years to 
the construction and imiirovement of the bolometer, one of the most 
delicate devices for measuring heat, and a most difficult instrument 
to adjust and use. For many years, the question of artificial flight 
had an absorbing interest for him. His investigations were long and 
laborious, ami finally he attained success with a small model. When 
constructing a larger instrument, his sensitiveness induced him to 
avoid publicit}'. thus greatly annoying those whose business it is to 
keep the public informeil of the latest news. Tliey had their revenge 
when a misplaced nail in his launching apparatus ruined his aeroplane 
on its trial tri]i. and the suhsei|uent ridicule and criticism saddened 
his last ilavs. and shortened his life. The success of aerial naviga- 
tion is largelv due to his work, which has only received the credit it 
deserves since his ileath. 

Langlcv, bv his devotion to the advancement of human knowledge, 
well deserves a place among those whose portraits adorn these walls, 
and in the name of the American Philosophical Society held at Phila- 
delphia for Promoting Useful Knowledge, I accept this portrait and 
extend grateful acknowledgments to the donors. 

The following papers were read: 

■' The ^Magnetic Phenomena of Sun-spots." 
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■ The General ^Magnetic Field of the Sun." ( Illustrated with 
lantern slides.) By George E. Flale. Ph.D., LL.D., F.R.S., 
Director of the Solar Observatory of the Carnegie Institution 
at IMt. \\'ilson. Cal. 

" On the Colors of the Stars in the Cluster iM 13," by Edward E. 
Barnard, Sc.D., LL.D., Astronomer of the Yerkes Observ- 
atory, AVilliams Bay. W’is. 

" The Gse of a Photographic Doublet in Cataloguing the Posi- 
tion of Stars," by Frank Schlesinger. IM.A., Ph.D., Director 
of the Allegheny Observatory, Allegheny Pa. Discussed by 
Prof. Pickering. 

" The Distribution in Space of 90 Eclipsing Stars," by Henry 
Xorris Russell, Ph.D.. Professor of Astronomy. Princeton 
L'niversity. 

The Eclipsing variable Stars li Orionis and 88 d Tauri," by 
Harlow Shapley, Ph.D., of Princeton University Observatory. 
(Introduced by Prof. H. X. Russell.) 

'■ Some Features of The I^Ioon’s IMotion and a Problem in 
Isostasy,” by Ernest W. Brown, IM.A., Sc.D., F.R.S., Professor 
of ^Mathematics, Yale University. 

The United States as a Factor in World Politics," by Leo S. 
Rowe, Ph.D., LL.D.. Professor of Political Science, Univer- 
sity of Pennsylvania. 

A Sumerian Xature Hymn from Xippur, of the Time of the 
Dynasty of Agade. 2800-2600 B. C.," by George A. Barton, 
Ph.D., Professor of Biblical Literature. Bryn Mawr College. 


Ez’cnbuj Session — S:i^ o'clock. 

Arthur L. Day. Ph.D.. Director of the Geophysical Laboratory 
of the Carnegie Institution of Washington, gave an illustrated 
lecture on Some Observations of the \ olcano Kilauea in 
Action.’’ 
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Saturday, April ’ 5 . 

E.reciitirc Session — o.MO o'clock. 

W ILLIAM W . IvEEX, LL.D., President, in the Chair. 

Prof. George F. Atkinsc.n and Prof. Charles Edwin Bennett, re- 
cently elected members, subscribed the Laws and were admitted into 
the Society. 

Pending nominations for membership were read and spoken to. 
filr. J- Edward Whitfield and Dr. James IMcKeen Cattell were 
appointed tellers of election and the Society proceeded to ballot for 
members. 

The tellers of election reported that the following nominees had 
been elected to membership: 

Residents of the I'nited States. 

Charles Greelet' Abbot, S.P)., Washington. 

Janies Wilson Bright. Ph.D., LL.D.. Litt.D.. Baltimore. 

Bradley Moore Davis. A.M., Ph.D.. Philadelphia. 

Thomas McCrae. A.B.. M.D., I’hikulelphia. 

M'illiam Diller Matthew, A.iM.. Ph.D.. Xew York. 

Alfred Goldsborough flayer. Ph.D., M.E., Washington. 

Samuel Jones iMcltzer. bt.D.. LL D.. Xew York. 

John Campbell IMcrriam. B.S . Ph.D., Berkeley. Cal. 

Robert Andrews blillikan, A.M.. Ph.D., Chicago. 

M’illiam Albert Xo\es. Ph.D.. LL.D.. L'rbana, 111. 

Stewart Paton, iM.D., Princeton. 

Richard Mills Pearce. Jr.. IM.D.. Philadelphia. 

Palmer Chamberlaine Ricketts. C.E.. LL.D.. Troy. 

Harold A. Wilson, iM.A.. D.Sc.. F.R.S.. Houston. 

Frederick Eugene Wright. Ph.D.. Washington. 

Foreign Residents. 

Shibasaburo Kitasato, IM.D., Tokyo. 

Heike Kamerlingh Onnes. Ph.D., Leyden. 

A ito \ ol terra, Sc.D., Ph.D., Rome. 
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Morning Session — lo o'clock. 

William B, Scott. Sc.D., LL.D., \'ice-President. in the Chair. 

The following papers were read : 

Primary Cambrian iManganese Deposits of Newfoundland,’’ 
bv Nelson C. Dale, Fellow, Princeton University, ( Intro- 
duced by Prof. W. B. Scott.) 

“Geology of the Wabana Iron Ores of Newfoundland." by 
Albert O. Hayes. Fellow, Princeton University. ( Introduced 
by Prof. B. Scott. ) 

“ Hewettite, Wetahewettite and Pascoite. Hydrous Calcium 
A'anadates," by W. F. Ilillebrand. Ph.D.. H. E. iMerwin and 
Frederick E. ^^’right. Ph.D.. of U. S. Geological Survey. 

“ The Relations of Isostasy to a Zone of Weakness — the Asthe- 
nosphere," by Joseph Barrell, Ph.D., Professor of Structural 
Geology, Yale University, i Introduced by Prof. Charles 
Schuchert. ) 

‘‘Evidence for a Pulsatioiial Change of Climate in the Libt'an 
Desert," by William II. TIobbs, I’h.D., Professor of Geology. 
University of IMichigan. 

"The Cretaceous-Tertiary Boundary in the Rocky Mountain 
Region." by F. H. Knowlton, U. S. Geological Survey. ( In- 
troduced by Prof. John M. Clarke.) Discussed by Prof. Y'. 
B. Scott. 

" The Geologic and Biologic Results of a Study of the Tertiary 
Floras of Southeastern North America," by Edward A\'. 
Berry, Associate T’rofe.ssor of Paleontology, Johns Hopkins 
University. (Introduced by Prof. William B. Clarke, i Dis- 
cussed by Prof. W. B. Scott. 

" CJn Multiple Treatment of One and the Same Story 'Motif.'" 
by iMaurice Bloomfield. I’h.U.. LL.D.. Professor of Sanskrit, 
Johns Hopkins University. 

"Some Biblical Miracles," by Paul Ilaupt. Ph.D., LL.D., Pro- 
fessor of Semitic Philology, Johns Hopkins University. 

"The Sumerian Pronunciation of the Name ‘NinilU as the 
Chief Deity of Unima," by Alfred T. Clay. Ph.D., Laffan 
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Professor of Assyriology and Babylonian Literature. Yale 
L'niversity. 

Panama Tolls and Tonnage Rules." by Emory R. Johnson, 
Ph.D.. Professor of Transportation and Commerce. L'niver- 
sity of Penns} Ivania. 

Passamaquoddy iMorphology," by J. Dyneley Prince. A.B., 
Ph.D.. Professor of Semitic Languages. Columbia L'niversity, 
Xew York. 


Aftcntooit Session — o'clock. 

WTlli.vm Y'. Ki-:i:x. iM.D.. LL.D., President, in the Chair. 

Prof. Y'illiam Albert Xoyes. of L'rbana. 111 ., and Prof. Bradley 
iMoore Davis, of Philadelphia, newly elected members, subscribed 
the Laws and were admitted into the Society. 

Dr. W'li.Li.tM G. F.tRLOW unveiled a Wedgwood medallion por- 
trait of the late Sir Joseph Dalton Hooker. O.iM.. G.C.S.I.. C.B. and 
spoke as follows : 

Today we are so fortunate as to be able to add a medallion of 
one of the world's great botanists to the already large number of 
memorials of distinguished men which adorn this Hall and give it a 
dignity which is justly envied by other scientific societies in this 
country. Joseph Dalton Hooker, the more distinguished son of a 
distinguished father, was born in Halesworth, Sultolk. England, in 
1817 anil, retaining his scientific activity until the last, died at Sun- 
ningdalc in npt. a record very rarely equalled. 

Y'hen four tears of age his father. Sir Y’illiam Hooker, re- 
moved to ( llasgow. where he had been appointed Professor of Botany 
in the Cuiversitt , so that from his earl\ childhood, the son wa^ placed 
in surroundings which naturally pointed to botany as his life work. 
Y hile a student of medicine. Hooker had the opportunity of 
reading the proofs of Darwin's " \ oya.ge of the Beagle " which 
aroused in him an intense desire to travel. This desire was for- 
tunately soon gratified, for immediately after receiving the degree 
of Doctor of IMedicine in 1839. he was appointed assistant surgeon 
and botanist to the Erebus under the command of Sir James Ross, 
then about to start on his memorable vo_\age to the Antarctic regions. 
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On his return in 1843 Hooker made his home at Kew where his 
father had been appointed director of the Royal Gardens. lie was 
appointed assistant director in 1855 and, on the death of his father 
in 1865, director, which position he held till his retirement twenty 
years later. We always think of Hooker as at Kew. It was there, 
aided by the large collections formed in great part by his father and 
himself, that he finished his different floras: there that he brought 
to perfection the Garden which had been raised by his father from 
insignificance to be the leading botanical garden of the world : there 
that many American botanists were received with a cordialitv doublv 
welcome because they were encouraged by his sympathy and aided 
by his advice. 

Hooker was undoubtedly the leading botanical s} steinatist of his 
day. For tltis branch of botany he not only had great natural ability, 
but he also had opportunities for studying in the field the floras of 
distant and little-explored regions such as few trained bcitanists have 
had. Besides his Antarctic voyage, when he visited New Zealand 
and Tasmania as well as more southern regions, he spent the vears 
1848 to 1851 in an exploration of the Himalayas in companv with 
Thomas Thomson. — an expedition involving great hardships among 
hostile people, but rich in results, and later he made trips to Palestine 
and Morocco. On his last long journey in 1877, he travelled with 
his old friend, Asa Gray, among the Rocky IMountains and in Cali- 
fornia. 

On this occasion we need not consider in detail Hooker's various 
descriptit e t\orks on the floras of the countries he liad visited, nor 
works like the great Genera Plantarum, written in collaboration 
wdth Bentham, technical systematic treatises belonging to the classics 
of botany. Let us recall rather those qualities of Hooker which 
made him more than a s\stematist, which entitled him to rank wdth 
Darwin, M allace. Lyall and Huxley in the brilliant group of natural- 
ists which has never been surpassed, if it has ever been equalled, in 
any other country. Like Darwin, Llooker began his botanical career 
as an explorer of remote regions. The delightful account of the 
“ Voyage ^of the Beagle" has its counterpart in the "Himalayan 
Journals ’ of Hooker. In both we recognize the fact that the 
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authors wero something more than interesting relators oi what tiiey 
iiad seen. fo them Ijiologie'al facts were only signiitcant as indicat- 
ing so many steps in the sei|nence of cause and eltect. The genius 
of Darwin was manifested in his ability to see clearh* in the hegin- 
ning of his career tlie trite direction in which the facts he Iia.l ob- 
seiwed pointed, eo that his lifework was unified, one step 'eteiing 
ineeitnidy to another in the development of a great theorv. It was 
much the same with Hooker. The writings which mark itint as a 
philosophical I)Otanist are the ‘‘Introductory F.ssav to tile Fhtra of 
Tasmania"; the “ Es-ay on the Di.'tribution of Arctic Plants ” : the 
“Dis course on Insular Floras " ; the address at York 'tn Cico- 
graphical Distribution," and the “ F.ssat' on the k'egctation 't T.i lia." 
publications extending over a period of fortv tears. 

1 he study i.if plant di.stnhution involving a eon^ille;■,.t^J•.■. : tlic 

geolngictil phencimcna which could account fur it. ami also the 
'luestion as to the effect of altered environment in modi: , ing the 
characters ijf plants, naturally led to the fundanientai ouejtioif 
What are .Species and what are X'arietics: (.hie who, lik^ llcoik,..!-. 


w‘a> ma'ter of the fticis and without prejudice, could, nc': ft.il to 
recrignize that specie.- are nin fi.xcd creations, hut transitrjna. -t.-.ges 
in the progress of evolution. Hooker \va,- a Darwinian even ' etcccc 
the apjiearanco of tlic “ < 'ngin of Siiecies." It has been sai l with 


truth that, with the excejiririn of Wallace. Hooker wa- tlic first 
adherent of Darwin in hi- views on evolution. How -.nuc': iliat 
means ie hardly realized at the pre-ent day. With u^ tl'c r.testicin 
i- not wlicther there is -uch a thing a- evolution in plant; am; ani- 
mal;. Wo accejit evolution a; a fact, and. if there he a'.w 'r.te;tion. 
it i; a; to whether the exidanation (if the mode of it- opceaticiU :i; 
I're-cnted 1iy Darwin w.is s.ati.-faetory in all its details. In tS;'!. 
however, the date of the publication of the " drigin of Specie;." and 
lor a Cl iii'idorahle miinhcr of years later it reiiuired a g'l'jdi 'leal 'if 
courage a; well as an nnhiased mind for anvoiie, espoci.dls' f'jr an 
I'.nglislnnan. to declare his assent to the revolutionary views ailvance'l 
by Darwin. 

In closing 1 may be iiermilted to repeat the words de-cribing the 
position of Hooker among botanist; (.ni the occasion of the p;u-'wn- 
tation to him of the Finnean gobl medal at .^t'lckholin in nioy. 
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“ By scientific expeditions to many different parts of tlie world he has 
revealed the secrets of their vegetation. His c.xtraordinary c.xperience etn- 
hraces both the nature of trevpical India as also the subtropical and temperate 
climates, as well as of the cirld antarctic regions The contents of his fl'Snstic 
works are therefore exceedingly rich He has furthermrire enriched botanj- 
by splendid works m other departments of this science, for instance concern- 
ing the geographical distribution of plants, their clasjificanon and other 
matters ’’ 

I have the honor of unveiling the medallion of Sir Joseph Dalton 
Hooker, the energetic explorer, the eminent systematist, the dis- 
tinguished investigator of the problem of plant evolution. 

The following papers were read; 

" The Burgess Shale Fauna of the Canadian Rockies." by 
Charles D. \\ alcott, Pli.D., Sc.D., LL.D., Secretarv of the 
Smithsonian Institution, Washington. 

" Summary of Researches. Department of Terrestrial Magnet- 
ism, 1904-14." (Illustrated.) By Louis A. Bauer. Bh.D.. 
D.Sc., Director of the Department of Terrestrial Magnetism 
of the Carnegie Institution. Washington. D C. Discussed by 
Prof. Pickering. 

Symposium on Physics and Chemistry of Protoplasm: 

“ The Germ Plasm as a Stereochemic System." by Edward 
T. Reichert, iM.D., Prof. Physiologv’ in L'niv. of Penna. 
(Introduced by Dr. Keen.) 

" Arrangement and Distribution of Substances in the Cell," 
b} Edwin (jraiit Couklm, Ph.D.. Sc.D.. Professor of 
Zoology at Princeton Cniversitv. 

'■ A'ital Staining of IVotoplasm," by Herbert McLean Evans, 
M.D., .Associate Profc-.sor of .\natomy, Johns Hopkins 
Hniversity. (Introduced by Prof. Piersol. ) 

‘•'The Physical State of Protoplasm." by G. L. Kite, .M.D., 

Ph.D.. Phipps Institute. Philadelphia. ( Introduced bv 
Prof. AlcCkmg.) 

" The Physico-Chemical Organization of the Cell," by Law- 
rence J. Henderson. .X.P,.. Al.D., .\ssistant Professor of 
Biological Chemistry, Harvard Lhiiversity. (Introduced 
by Dr. H. F. Keller.) 
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Stated Meeting May i, ipig. 

William W. Keex, il.D., LL.D., President, in the Chair. 

Dr. Thomas AlcCrae, of I'hiladelphia, a newly elected member, 
subscribed the Laws and was admitted into the Society. 

Letters accepting membership were received from ; 

Charles Greeley Abbot, S.B., Washington. 

Bradley IMoore Davis, A.IM., Ph.D., Philadelphia. 

Thomas IMcCrae, A.B., iNI.D., Philadelphia. 

Samuel James IMeltzer, M.D., LL.D., Xew York. 

William Albert Xoyes, Ph.D., LL.D., Urbana, 111 . 

Stewart Paton, }iLD.. Princeton. 

Richard IMills Pearce. Jr., ^I.D., Philadelphia. 

Palmer Chamberlaine Ricketts, C.E., LL.D., Troy. 

Frederick Eugene Y'right, Ph.D., Washington. 

The list of donations to the library was laid upon the table and 
thanks were ordered for them. 

The decease was announced of George F. Baer, at Philadelphia, 
on April 26, 1914. in the 72d year of his age. 

Prof. J. Russell Smith read a paper on " Tree Breeding with Re- 
lation to Conservation and the Food Supply," which was discussed 
by Prof. Bradley iM. Davis and Dr. Keen. 

Hon. Charlemagne Tower, Chairman, presented and read at 
length the report of the Committee on the Date of Origin of the 
Society. 

On motion, by unanimous vote, the report was accepted ; the year 
1727 was declared to be the date of foundation of the Society, in 
accordance with the finding of the committee ; and the committee 
was discharged with the thanks of the Society for its exhaustive 
report. 

Stated Meeting October 2. 1014. 

YTllta:m W. Keen, IM.D.. IJ..D., President in the Chair. 

Dr. Richard iMills Pearce, a newly elected member, subscribed 
the Laws and was admitted into the Society. 

Letters accepting membership were received from ; 

James Wilson Bright, Ph.D., LT..D., Litt.D., Baltimore. 
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William Diller iSIatthew, A. INI., Ph.D., Xew York. 

Alfred Goldsborough i\Iayer, Ph.D., M.E., Washington. 

John Campbell iMerriam, B.S., Ph.D., Berkeley. 

Robert Andrews Alillikan, A. INI., Ph.D., Chicago. 

Harold A. Wilson, IM.A., D.Sc., F.R.S., Houston. 

Shibasaburo Kitasato, IM.D., Tokyo. 

Heike Kamerlingh Onnes, Ph.D., Lerden. 

\hto Volterra, Sc.D., Ph.D., Rome. 

Invitations were received : 

From the Ohio State Archaeological and Historical Society, to 
be represented at the dedication of its fvluseum and Library 
Building, at Columbus, on May 30th. 

From the L'niversity of l\Iissouri, to be represented at the 75th 
Anniversary of its founding on Tune 3d. 

The decease was announced of the following members ; 

Edward Suess, Ph.D., at A'ienna. on April 29, 1914, tet. 73. 

William Aldis Wright, LL.D., D.C.L., Litt.D., at London, on 

• Alay 19, 1914. 

John Robert Sittlington Sterrett, Ph.D., LL.D., at Ithaca, X. Y., 
on June 16, 1914, ret. 63. 

Frederick William True, M.S., LL.D., at Washington, on June 
25, 1914, at. 56. 

John Barnard Pearse, at Ro-xbury, Alass., on August 24, 1914, 
tet. 72. 

Alorris Longstreth, A.AL, M.D., at Barcelona, Spain, on Sept. 
19, 1914, tet. 68. 


Special Meeting October 70. 1014. 

A\ iLi,i.\.M Keex, AI.D., LL.D., President in the Chair. 

A paper was read on “A new Aleans of Studying Submarine 
Animal and AYgetable Life,” illustrated by moving pictures of trop- 
ical deep sea flora and fauna. 
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Stated Meeting Xovemher 6, 1914. 

\\ iLLi.-\M \V. Keex^ LL.D., President, in the Chair. 

The decease of the following members was announced : 

Leon de Rosny, at Fontenay-aux-Roses (Seine), on August 28. 
1914, £et. 78. 

Theodore Xicholas Gill, IM.D.. Ph.D., at \\'ash;ngton, on Sep- 
tember 25. 1914, cet. 77. 

The following papers were presented ; 

■■ On Wireless Longitude Determination," by Eric Doolittle. 
Discussed by Professor C. L. Doolittle, Professor Snyder, Mr, 
IMitchell and Professor IMiller. 

"On the Production of an Artificial Hiss." by E. B. Titchener, 
Ph.D.. D.Sc., LL.D. 

Stated fleeting December 4th. 1014. 

W. Keex, IM.D.. LL.D.. President, in the Chair. 

An invitation was received from the Chairman of the nth An- 
nual Conference of Historical Societies to be held in Chicago in 
connection with and as part of the Thirtieth Annual ^Meeting of the 
American Historical Association. December 28 to 31. to iiarticipate 
in the conference by appointing delegates. 

The decease was announced (if 

August Weismann. D.Ph., D.C.I... at Freiburg on Xovember 
5, 1914, a. 4 . 80. 

Charles Sedgwick IMinot. IM.D.. Sc.D., LI..D,, at Boston on X'o- 
vember i<). 1914. xt. 61. 

Alfred Hiayer IMahan, LL.D.. D.C.f.., Rear Admiral H.S.X. at 
A'a'hington on December i, 1914. ret. 7-j. 

Dr. John lMa<on Clarke of Albany read a paper on " The IMag- 
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